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FOREWORD 


This  Third  Annual  Report  of  the  Air  Force  Machinability  Data  Center 
(AFMDC)  covers  work  performed  under  Contract  AF  33(6l5)-5262  from 
February  1,  1967  through  January  31,  1968.  The  manuscript  was 
released  by  the  author  in  February  1968  for  publication  as  an  AFMDC 
report. 

This  contract  with  Metcut  Research  Associates  Inc. ,  Cincinnati,  Ohio, 
was  initiated  under  Manufacturing  Technology  Division  Project  9-700, 

"Air  Force  Machinability  Data  Center".  It  is  an  extension  of  Manufac¬ 
turing  Technology  Division  Project  8-239  as  indicated  in  our  First  and 
Second  Annual  Reports.  The  current  contract  is  being  performed  under 
the  technical  direction  of  Mr.  Max  A.  Guenther  of  the  Advanced  Fabrication 
Techniques  Branch  (MATF),  Manufacturing  Technology  Division,  Air  Force 
Materials  Laboratory,  Wright- Patterson  Air  Force  Base,  Ohio. 

This  project  is  being  accomplished  as  a  part  of  the  Air  Force  Manufac¬ 
turing  Methods  Program.  The  primary  objective  of  AFMDC  is  to  be 
highly  specialized  in  the  collection,  evaluation,  storage,  retrieval  and 
dissemination  of  significant  data  and  information  pertaining  to  all  aspects 
of  material  removal  processes.  Recipients  of  these  data  include  aerospace 
industry,  Department  of  Defense  (including  all  of  the  military  services  and 
their  contractors),  and  other  Government  agencies,  technical  institutions, 
and  nonmilitary  industries  in  a  position  to  assist  the  defense  effort.  In 
the  area  of  material  removal  activity,  this  Center  serves  as  the  communi¬ 
cations  link  for  the  entire  technical  community,  both  Government  and 
industry. 

Your  comments  are  solicited  on  the  potential  utilization  of  the  Air  Force 
Machinability  Data  Center  as  applied  to  your  present  or  future  production 
programs. 

This  report  has  been  reviewed  and  is  approved. 


Lt.  Colonel,  USAF 
Cheif 


Manufacturing  Technology  Division 
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ABSTRACT 


THIRD  ANNUAL  REPORT  OF  THE 
AIR  FORCE  MACHINABILITY  DATA  CENTER 

John  Maranchik,  Jr. 


This  is  the  Third  Annual  Report  of  the  Air  Force  Machinability  Data 
Center  covering  the  period  February  1,  1967  through  January  31,  1968 
(Contract  AF  33(6l5)-5262).  Three  thousand  seven  hundred  and 
thirty-four  (3,  734)  documents  were  processed  from  which  27,  077 
cards  were  key  punched.  Currently,  there  are  13,  101  evaluated 
documents  and  102,  250  punched  cards  in  AFMDC  files.  One 
thousand  and  two  (1,  002)  specific  inquiries  were  answered  for  485 
different  companies,  representing  690  individuals  in  96  different 
SIC  categories.  The  1,  002  inquiries  represent  a  36%  increase  over 
the  736  processed  in  the  previous  year. 

The  average  cost  of  inquiries  equaled  $52.  66  per  inquiry. 

The  data  acquisition  plant  visit  program  was  accelerated  and  since 
late  1966,  37  visitations  have  been  made,  primarily  to  aerospace  firms. 

Computer  programs  have  been  developed  and  made  operational  for 
storage  and  retrieval  of  all  the  information  files  in  use  by  the  Center. 

In  addition,  equations  have  been  written  and  computer  programs  have 
been  made  operational  for  calculating  machining  costs  and  production 
rates  for  five  major  machining  operations:  turning,  milling,  drilling, 
tapping  and  reaming. 

Plans  for  next  year's  effort  call  for  augmenting  current  efforts  and 
services.  This  includes  identification  of  potential  users  of  the 
Center  and  increased  contact  with  them.  This  will  be  accomplished 
directly  by  AFMDC  and  through  cooperation  with  other  centers  and 
State  Technical  Services  Programs.  This  controlled  effort  will  result 
in  an  increase  in  AFMDC  inquiries  from  the  current  111  per  month  rate 
to  about  150  per  month  by  the  end  of  1968,  consistent  with  the  increasing 
capability  of  the  Center.  Four  data  products  will  be  prepared  and 
made  available  to  users.  The  ability  of  the  Center  to  analyze  and  fill 
in  gaps  in  accrued  machining  data  will  be  enhanced  by  a  study  to 
determine  those  relationships  which  may  exist  in  machining  variables 
between  various  types  of  machining  operations  and  work  materials. 

The  1130  computer  will  provide  valuable  assistance  in  this  effort. 

A  study  will  be  made  concerning  the  potential  and  the  required  mechanisms 
by  which  users  of  the  Center  may  have  a  computer  data-link  with  AFMDC. 
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This  report  covers  a  12- month  period  of  operation  from 
February  1,  1967  through  January  31,  1968.  It  is  presented 
primarily  in  the  form  of  individual  charts  which  are  self- 
explanatory  with  regard  to  organization  of  the  Center  and 
the  results  of  its  efforts,  including  costs.  For  each  individual 
chart,  the  Appendix  provides  some  further  comments  con¬ 
cerning  various  aspects  of  AFMDC  during  its  third  year  of 
operation. 

For  a  complete  analysis  of  the  progress  made  by  the  Center 
from  its  early  inception  to  the  present,  the  following  three 
references  should  be  reviewed: 

"Final  Report  on  the  Design  of  a  System  for  Collecting, 
Evaluating  and  Disseminating  Machinability  Data  for 
Aerospace  Materials",  Technical  Documentary  Report 
Nr.  ASD-TDR-63-572,  July  1963,  AD-416743. 

"First  Annual  Report  of  the  Air  Force  Machinability 
Data  Center",  AFMDC  65-2,  February  1966, 

AD-482278. 

"Second  Annual  Report  of  the  Air  Force  Machinability 
Data  Center",  AFMDC  66-4,  February  1967,  AD-813037. 
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DESCRIPTION  OF  AFMDC 


AIR  FORCE  MACHINABILITY  OATA  CENTER,  3980  Rosslyn  Drive,  Cincinnati,  Ohio  45209. 
Operated  for  the  Air  Force  Materials  Laboratory,  Manufacturing  Technology  Division, 
under  Contract  AF  33(61 5)-5262,  by  Metcut  Research  Associates  Inc. 

SCOPE 

The  Air  Force  Mechinebi I i ty  Dote  Center  (AFMDC)  collect*,  eveluates,  storei,  and  disseainetes 
Material  reaoval  inforaation  including  specific  and  detailed  aachining  data  for  tha  benefit  of 
industry  and  governaant.  Strong  eaphasis  is  given  to  enginasring  evaluation  for  the  purpose 
of  developing  optiaized  aaterial  reaoval  paraaetsrs.  such  as  speeds,  feeds,  depths  of  cut, 
tool  aaterial  and  gaoaetry,  cutting  fluids  and  other  significant  variables.  Data  are  being 
processed  for  all  types  of  aaterial*  and  for  all  kinds  of  aaterial  reaoval  operations  such  as 
turning,  ailling,  drilling,  tapping,  grinding,  electrical  discharge  aachining,  alactrocheaical 
aachining,  etc. 

COLLECTION 

AFMDC  has  a  Mechanized  systaa  in  which  punch  cards  ara  used  to  store  and  ratriava  all  types  of 
Material  reaoval  inforaation  including  all  significant  nuaarical  data.  An  IBM  1130  coaputing 
systaa  is  being  used  for  storing  and  processing  data  froa  a  aastar  card  and  disk  file  and  for 
coaputar  decoding.  The  focal  concept  for  acquisition,  interrogation,  or  presentation  of  infor¬ 
aation  is  the  specific  aaterial  (with  definite  chaaieal,  physical,  or  Mechanical  properties) 
and  the  specific  aaterial  reaoval  operation  being  used.  Vhen  necessary,  card  source  control 
codes  aay  be  used  to  retrieve  original  docuasnts  which  ara  in  doeuaent  storage  at  AFMDC. 


INFORMATION  SERVICES 

AFMDC  place*  strong  eaphasis  on  providing  spaeifie  and  detailed  answer*  to  tachnieal  Inquiries 
in  tha  field  of  aatorlal  raaoval.  A  liter  File,  oonslsting  of  laportant  users  In  tha  flald  of 
Material  raaoval.  has  baan  developed  to  receive  Inforaation  products  Ineluding  aachining  data 
paaphlets  and  tables  on  aatorials  of  currant  intarast,  state-of-the-art  reports,  technical 
announcaaants,  and  other  appropriate  litas,  tarviees  are  available  without  charge  to  the 
aerospace  industry.  Oapartaant  of  Defense  (including  all  of  tha  Military  services  and  thslr 
contractors),  and  other  govarnasnt  agendas,  technical  Institutions,  and  non-ai 1 1  lory 
Industries  in  a  position  to  assist  the  defense  effort. 


TO  REQUEST  MACHINING  INFORMATION  . 

Telephone:  813-271-0510 

T«X:  810-481-2840  or 

Vrlte:  Air  Fores  Maehinabl llty  Oats  Canter 

3010  Basslyn  Or  I  vs 
Clnelnnstl,  Ohio  45209 

TO  HCLF  US  AN till  VOUO  IMOUIOV,  IF  FOSIIOLK  FltASf: 

t.  Identify  tha  aaterial  being  aaeblnad  (ipeci/ication  or  tradana we);  condition,  (as  east, 
hot  rotted,  cold  drawn,  annealed,  quenched  and  tanparad,  etc.);  alecest restore  and 
hardness. 

2.  Identify  tha  aaterial  raaoval  aparatlaa  in  question  (taming,  witting,  drilling,  tapping, 
sar/ace  grinding,  efectrical  discharge  aachining  (tDM),  alaetroehaaieal  aachining  (XCV), 
etc.). 

3.  Spaslfy  raasans  for  regal  ring  data  unless  year  nasds  ara  praprlatary.  This  taablss  AFVOC 
ta  braadaa  tha  snaps  at  Its  tashaloal  advisa. 

4.  Spaslfy  delivery  retaireaaats, 

5.  Indicate  ta  abaa  tha  lagairy  reply  shew  Id  be  sent, 

0.  Transalt  all  details  eanssrnlag  present  prattles*.  Including  faads,  speeds,  batting  tsel 

■atarlal  sad  gaopatry.  tatting  fluids,  stt..  In  the  event  year  lagulry  pettslas  te 
lap  revenue t  tf  an  aalstlag  aachining  situation. 

aaaaaaa 


N0II:  Association  of  the  naaee  of  coop  antes  and  individuals  with  epeci/ic  requests  in  Acpl 
confidential.  How  ewer,  data  davetopod  rtmain  tha  property  o  f  AFMDC  far  diaaaminattan  at 
required  /or  answering  eiaitar  inquiries  and  far  devetoping  data  products. 
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AFMDC  ORGANIZATION  CHART 


Operated  for  the  Am  Force  Materials  Laboratory 
Manufacturing  Technology  Division  under 
Contract  AF  33(6 i 5) -5262 , 
by  Metclt  Research  Associates  Inc. 


AFMDC  OPERATIONAL  AREAS 


At  AFMDC,  personnel  shown  in  Figure  ],  page  2,  work  in  ten  functional  areas  of 
operation.  These  are  indicated  below  along  with  the  numbers  used  for  time  codino 
purposes:  B 


1  Administration 


Administration  of  technical  and  general 
activities  of  AFMDC 


2  Engineering  Supervision 

3  Systems  Analysis 

4  Machining  Data  Analysis 

5  Data  Processing 

6  Data  Control 

7  Document  Acquisition  and 
Document  Storage 


8  Data  Dissemination 


9  Machining  Data 
v  Verification  - 

Experimental  Machining 

0  Secretarial  and  Clerical 


Technical  activities  including  all  mech¬ 
anized  handling  of  data  and  processing 
of  inquiries 

Design  of  the  machinabi lity  data  system, 
particularly  processing 

Technical  evaluation  of  machinabi I ity 
data  and  information  including  Prelimi¬ 
nary  Screening 

Operation  of  a  mechanized  system 
including  a  computer 

Super  imposition  and  use  of  controls 
to  guarantee  proper  operation  of  data 
processing  system 

Acquisition  of  all  types  of  data  and 
information  for  processing.  Storage 
of  documents  including  those  which  have 
received  Final  Technical  Evaluation  and 
those  in  process 

Dissemination  including  duplication  and 
printing 

Laboratory  and  shop  work  necessary  for 
resolving  highly  significant  and  contro¬ 
versial  data  situations 

Development  and  execution  of  all  proce¬ 
dures  relating  to  typing  end  filing 
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AFMDC  OPERATIONS  CHART 


SYSTEM  INPUT 
(DOCUMENTS) 


Documents  are  broadly  defined  as  any 

MEDIUM  CONTAINING  MACHINING 
INFORMATION. 


SYSTEM  ANALYSIS 


Operations  are  controlled  and 
MODIFIED  AS  REQUIRED  BY  AFMDC 
SYSTEMS  ANALYSIS. 


ACQUISITION 
-  SOURCES  - 

Current  Periodicals 
Defense  Documentation 
Center  (DDC) 

National  Aeronautics  & 
Space  Administration 
(NASA) 

Clearinghouse  for 
Federal  &  Scientific 
Technical  Information 
Atomic  Energy  Commission 
(AEC) 

Defense  Metals  Informa- 
t ion  Center  (DMIC) 
Manufacturing  Plants 
Technical  meetings 
Books,  Catalogs,  House 
Organs 

Inquiries  Processed  at 

AFMDC 


DOCUMENT  CONTROL 

Primary  Document  Control  Forms  are  filled 
out  and  attached  to  all  documents. 


PRELIMINARY  SCREENING  (PS) 

Documents  containing  machining  information 
and  data  are  selected.  By  reviewing  multi¬ 
subject  periodicals,  Documents  containing 
machining  information  are  identified  and 

REPRODUCED.  INDIVIDUAL  ARTICLES  ARE  THEN 
ATTACHED  TO  SECONDARY  DOCUMENT  CONTROL 
FORMS . 


FINAL  TECHNICAL  EVALUATION  (FTE) 

DOCUMENTS  CONTAINING  DETAILED  DATA  ARE 
EVALUATED  AND  CODED  FOR  CARD  STORAGE. 


OATA  PROCESSING 

Cards  resulting  from  processing  are  punched  at  this  point. 


Preliminary 

Screening 


Potential  Source 
of  Information 
Bibliography 


PUNCH  CARD 
STORAGE 

Master  card 
files  are 

MAINTAINED 
TO  CREATE 
AND  UPDATE 
COMPUTER 
DISH  FILES 


Final  Technical 
Evaluat i on 


Index 

Numerical  Data 
Tool-Cutting 
Fluid 
Uniterm 

Aperture 
Data  Link 
Tickler 


Equipment  Used 


Keypunch 
Verif  ier 
Sorter 

IBM  1130  Computer 


OISK  STORAGi 


DISK  FILES  OF 
Uniterm,  Index 
AND  INOUIRY 
DATA  ARE  USED 
FOR  SEARCHING 
F ILCS  TO  ANSWER 
INQUIRIES. 


DOCUMENT  STORAGE 

Actual  Documents 
are  stored.  When 
SPACE  LIMITATIONS 
ARE  ENCOUNTERED, 
MICROFILM  KILL  SE 
used.  Nonsignifi¬ 
cant  MACHINING 
DOCUMENTS  ARE  NOT 
STORED,  HOWEVER, 

the  Document  Con* 
trol  Forms  for 

THESE  ARE  RETAINED 
in  Document 
Storage. 


AFMDC  OPERATIONS  CHART 


DOCUMENT  CONTROL 

cument  Control  Forms  are  filled 
TACHED  TO  ALL  DOCUMENTS. 


I M I  NARY  SCREENING  (PS) 

NTAINING  MACHINING  INFORMATION 
SELECTED.  Bv  REVIEWING  MULTI 

Iodicals,  Documents  containing 
FORMATION  ARE  IDENTIFIED  AND 
INDIVIDUAL  ARTICLES  ARE  THEN 

Secondary  Document  Control 


CHNICAL  EVALUATION  (FTE) 

NTAINING  DETAILED  DATA  ARE 
D  CODED  FOR  CARD  STORAGE. 


NCHED  AT  THIS  POINT. 


EQUIPMENT  USED 


KEYPUNCH 

VERIFIER 

Sorter 

IBM  1130  Computer 


SYSTEM  OUTPUT 


DOCUMENT  STORAGE 

Actual  Documents  | 

ARE  STORED.  WHEN  j 
SPACE  LIMITATIONS 
ARE  ENCOUNTERED,  I 
MICROFILM  WILL  RE  ' 
USED.  N0N9IGN1FI-  I 
CANT  MACHINING 
DOCUMENTS  ARC  NOT  1 
STORED,  HOWEVER,  , 
the  Document  Con*  1 
trol  Forms  for 
these  are  retained 

IN  OOCUMENT 

Storage  . 


Consists  of: 

1.  Answering  Specific  Inquiries. 

2.  Producing  Comprehensive  Data  Products 
of  specific  and  timely  interest  to 
Industry  and  Government. 

3.  General  Dissemination  of  Machining 
I nformat i on. 


SPECIFIC  INQUIRIES 


3.  GENERAL  DISSEMINATION  OF 
MACHINING  INFORMATION 


Publication  in  Periodicals 

Technical  Meet i nos 

Committee  Meetinos 

Conferences 

Expositions 

AFMDC  Visitors 

plant  Visits 

MANUFACTURING  TECHNOLOGY 

Division  (sponsor  of  AFNCC) 


Inquiries  originate  from: 

I  NDUSTRY 

Government 

Educational  Institutions 
Technical  Societies 
Information  Centers 


INQUIRY  CONTROL 

Inquiries  are  logged  in.  All  necessary  infor¬ 
mation  IS  ENTERED  ON  AN  INQUIRY  CONTROL  FORM. 
The  Following  Codes  are  assigned  for  card 
process  I NG: 

SIC 

Inquiry  Type 

Source  Control  (identifies  inquirer) 

Sequence 

Date  Replies  Transmitted 


MACHINING  DATA  ANALYSIS 

Engineering  Personnel  are  assigned  to  each 
inquiry.  Replies  are  transmitted  to  the 
INQUIRER,  AND  THE  INQUIRY  INFORMATION  IS 

entered  into  the  system  as  a  Primary 
Document. 


2.  DATA  PRODUCTS 

First  Annual  Report  or  the  Air  Force  Mach inab I i i ty 
Data  Center,  AFM5C  65-2 

Machining  Data  for  Numerical  Control  (7  individual 
report  Nos.  AFMDC  66-1.1  thru  AFMDC  66-1.7 
covering  Turning,  Face  Milling,  Drilling,  Periph¬ 
eral  End  Milling,  End  Mill  Slotting,  Tapping  & 
Reaming  respectively). 

Machining  Data  for  Numerical  Control  AFMDC  66-1 
(composite  of  above  mentioned  7  reports). 

Grinding  Ratios  for  Aerospace  Allots,  AFMDC  66-2 

Machining  Data  for  Beryllium  Metal,  AFMDC  66-3 

Second  Annual  Report  of  the  Air  Force 

Machinabilitv  Data  Center,  AFMDC  66-4 
l  i 


USER  FILE 

The  User  File  consists  ofi 
Major  Missile  and  Aerospace  Manufacturers  and 
their  Subcontractors 

Department  of  Defense  (including  all  of  the 
Military  Services  and  their  Contractors),  and 
other  Government  Agencies 
Nonmilitarv  industries  in  *  position  to  assist 

THE  DEFENSE  EFFORT 

Aerospace  Industries  Association  (aia)  Manufac¬ 
turing  Committee 
Colleges  and  universities 

I NFORMAT ION  CENTERS 

Techn ical  Societies 
Trade  Publications 
AFMDC  INQUIRERS 

Materials  Advisory  Board  (MAB)  Committees 
Total  •  4026  (l/SI/eS) 


AFMOC  USER  FILE  MAP 


DISTRIBUTION  OF  AFMDC  USER  FILE 


The  basic  User  Pile  was  developed  as  indicated  in  Appendix,  Page  A-4.  Names  are  added 
to  the  User  Pile  as  a  result  of  1)  inquirers,  2)  visitors,  3)  additional  names  sub¬ 
mitted  by  current  Users,  4)  requests  resulting  from  dissemination  of  data  products, 
and  5)  technical  articles  published  in  periodicals  and  announcements  pertaining  to  the 
Center. 


GENERAL  CONCENTRATION  OF  USERS  BY  NUMBERS 


ORGANIZATIONS 

TOTAL  NO.  ORGANIZATIONS 

STATES* 

INDIVIDUAL 

TOTAL  INDIVIDUAL  USERS 

0 

0 

4 

0 

0 

1-10 

117 

21 

1-25 

310 

11-25 

201 

6 

26-50 

269 

26-50 

106 

8 

51-125 

557 

51-100 

243 

6 

126-300 

1,123 

OVER- 100 

859 

4 

0VER-300 

1,767 

AREA  CONCENTRATION  OF  ORGANIZATIONS 


West  Coast  (3  states)  - 
North  Midwest  (5  states)  - 
Northeast  (5  states)  - 


184  companies 
534  companies 
439  companies 


These  figures  indicate  that  75%  of  User  companies  lie  in  25%  of  the 
United  States. 

The  total  User  Pile  (4,026),  can  be  broken  down  as  follows: 


Company  Users  (Individuals)  3,122 

Companies  1,238 

College  Users  (Individuals)  734 

Colleges  185 

Societies,  Centers,  etc.  (Individuals)  170 

Societies,  Centers,  etc.  103 


*Includes  Washington,.  D.C. 
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SEE  APPENDIX,  PASE  A-4 


COMPUTER  INPUT  AND  OUTPUT  FLOW  CHART 


•IM  I 


FLOW  CHART  FOR  FORTRAN  PROGRAM  TO  STORE,  ADD  OB 


START 


TYPE  MESSAGE 
"SET  PROGRAM 
FUNCTION 
SWITCHES" 


C  PAUSE  1  Pause  gives  operator 

J  time  to  set  data  snitches. 


Pause  gives  operator 
PAUSE  I  time  to  set  data  switches. 


SEE  APPENDIX,  PAGE  A-8 


OUTPUT  OF  PRELIMINARY  TECHNICAL  EVALUATED  DATA 


OUTPUT  OF  UNITERM  FILE  SEARCH 
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OUTPUT  OF  FINAL  TECHNICAL  EVALUATED  DATA 


COST  STUDY  ANALYSIS  OF  IBM  1130  COMPUTER 


The  following  statistics  are  based  on 

1.  Fifteen  time  studies  performed  on  fifteen  inquiries  comparing 
ing  versus  IBM  Series  50  Configuration  Processing. 

2.  500  calculations  for  production  rates  and  machining  costs. 


Inquiry  Processing 

Average  number  of  inquiries  processed  per  month = 
Percentage  of  Inquiries  requiring  searches = 
Inquiries  per  month  for  which  searches  are 
performed  are  57%  x  75  = 

Average  cost  for  processing  inquiries  with  the 
IBM  Series  50  Configurations 
Average  cost  for  processing  inquiries  with  the 
IBM  1130  Computing  System= 

Average  savings  for  processing  an  inquiry  using 
the  IBM  1130  Computer = 

Inquiry  processing  savings  per  month =43  x  $21.17= 
Savings  per  month  in  sorting  and  handling  of  Index 
files =  50  hrs.  x  $8.16  per  hr.= 

Savings  per  month  in  sorting  and  handling  of  Inquiry 
files  =5  hrs.  x  8.16  per  hr.= 

Total  savings  per  month= 

Additional  cost  per  month  for  IBM  1130  Computer= 
Savings  per  month = 

Savings  per  year,  12  x  $1,053.11  = 


Calculations  For  Production  Bates  and  Machining  Costs 

In  preparing  a  data  product  pertaining  to  Calculations  for  Production 

500  calculations  were  required: 

Time  per  calculation  using  desk  calculator® 

Time  per  calculation  using  IBM  1130  Computer* 

Savings  per  calculation* 

Time  Savings  =  500  x  14.7  x  7350  min.= 

Cost  Savings  -  122.5  x  $8.16  = 


Summary  of  Cost  Savings: 

Inquiry  Processing  Savings - 

Calculations  Savlngs- 

Savings  for  one  year  of  operation- 


IBM  1130  Computer  Process- 


75 

57% 

43 

$70. 09 

$48. 92 

$21.17 

$910.31 

$408. 00 

$40.80 
$1,359.11 
$306. 00 
$1,053.11 
$12,637.32 


Rates  and  Machining  Costs, 

15  min. 

0.3  min. 

14.7  min. 

122.5  hrs. 

$999.60 


$12,637.32 

$999.60 

$13,636.92 


SEE  APPENDIX,  EASE  A-11 
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ANALYSIS  OF  INQUIRIES  BY  STATE 


October  1,  1964  -  January  31,  1968 


10  STATES  LEADING  IN  INQUIRIES 


STATES 


California 

Connecticut 

Illinois 

Indiana 

Massachusetts 

Michigan 

New  Jersey 

New  York 

Ohio 

Pennsylvan i A 


COMPANIES 


INDIVIDUALS 


NO.  OF  INQUIRIES 


OTHER  STATES  SUBMITTING  INQUIRIES 


Alabama 

Ar i ZONA 

Arkansas 

Colorado 

District  of  Columbia 

Delaware 

Florida 

Georgia 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Minnesota 

Mississippi 

Mi ssour  i 

Nebraska 

New  Hampshire 

New  Mexico 

North  Carolina 

Oklahoma 

Oregon 

Rhode  Island 

South  Carolina 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

West  Virginia 

Washington 

Wisconsin 


TOTAL  FOR  ALL  STATES 


FIOURE  14 
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Sil  APPEMOIX,  PARE  A. 12 


SUMMARY  OF  SPECIFIC  INQUIRIES  BY  TYPE  OF  INQUIRY  10/1/64  2/1/66  2/1/67 

-  to  to  to 

1/31/66  1/31/67  t/31/88 

October  1,  1964  -  January  31,  1968 

NO.  OF  INQUIRIES 

1.  RECOMMENDATIONS  FOR  A  SPECIFIC  MACHINING  SITUATION.  73  ng  ]gg 

Typical  Example:  Requested  recommendations  for  turning  Waspaloy  in  the  v' 

solution  treated  and  aged  condition. 


2.  STARTING  RECOMMENDATIONS  FOR  AN  EXTENSIVE  GROUP  OF  MACHINING  SITUATIONS.  118  264  330 


Typical  Example:  Requested  mach inability  data  on  AM*3S0,  S-81B,  HS-25, 
HS-31,  Inconel  X-7S0,  Unitemp  M-252  and  Hastelloy  R-235. 

3.  INFORMATION  PERTAINING  TO  NEW  MACHINING  PROCESSES,  EQUIPMENT  AND  TOOLS. 
Typical  Example:  Requested  information  on  the  manufacturer  of  equipment 
called  "Liquid  Lathe." 

4.  COORDINATION  AND  POTENTIAL  USE  OF  AFMDC. 

Typical  Example:  Requested  detailed  information  on  services  available 
from  AFMDC. 

5.  VISITS  TO  THE  CENTER. 

Typical  Example:  Visited  to  coordinate  with  AFMDC  to  determine  services 
available  and  to  review  System  details. 

6.  ‘REQUESTS  FOR  SPECIFIC  DOCUMENTS,  REPORTS,  BOOKS,  PAPERS.  ETC. 

Typical  Example:  Requested  a  list  of  reports  available  for  machining  of 
titanium.  Also  wanted  cost  of  each  report. 

7.  GENERAL  INFORMATION  SUCH  AS  SAFETY  PRACTICES,  NAMES  OF  FIRMS  HAVING  CERTAIN 
MACHINING  CAPABILITIES,  TOOL  MATERIAL  PROPERTIES,  ETC. 

Typical  Example:  Requested  the  names  of  people  to  contact  in  the  fields  of 
metal  removal  su:h  as  EOM,  ECM,  ECG,  EDG,  USM,  CHM,  EBM,  LBM,  Abrasive 
Machining  and  Hot  Machining. 

S.  REQUESTS  FOR  BIBLIOGRAPHIES  AND  ABSTRACTS. 

Typical  Example:  Request  for  bibliographies  with  abstracts  covering  use  of 
ceramic  tools  and  abrasives  in  machining  various  materials. 

9.  STATE-OF-THE-ART  INFORMATION  AND  REPORTS. 

Typical  Example:  Suggestions  for  important  manufacturing  programs  for  the 
next  five  years  in  the  field  of  material  removal.  Supply  problem,  approach 
and  approximate  funds. 

10.  SPECIAL  INQUIRIES  AND  REPORTS  FOR  U.S.  AIR  FORCE,  MANUFACTURING  TECHNOLOGY 
DIVISION. 

Typical  Example:  Requested  a  report  on  the  progress  during  the  last  five 
years  in  machining  of  titanium  and  hard  to  machine  materials  -  state  of 
the  art. 

11.  EVALUATION.  TRANSLATION  AND  REVIEW  OF  REPORTS,  BOOKS,  PAPERS. 

Typical  Example:  Requested  an  evaluation  of  a  report  published  In  Electro- 
Technology,  October  1964,  concerning  adaptive  control  possibilities, 

12.  REQUEST  FOR  INFORMATION  ON  BERYLLIUM, 

Typical  Example:  Request  for  information  on  machlnabl I ity  data  for 
beryllium  using  ECM,  EDM,  and  other  methods. 

13.  COMPARISON  OF  ONE  PROCESS  OR  MATERIAL  WITH  ANOTHER. 

Typical  Example:  Requested  a  companion  of  the  machining  of  Inconel  W 
with  Inconel  X  in  both  solution  treated  and  solution  treated  and  aged 
conditions,  primarily  In  turning  but  also  drilling  and  milling  if  possible. 

14.  INFORMATION  PERTAINING  TO  CUTTING  FLUIDS. 

Typical  Example:  Requested  cutting  fluid  recommendations  for  titanium  and 
a  wide  variety  of  high  temperature  alloys  and  stainless  steels. 

15.  INFORMATION  ON  MACH  I  NAB  I L I TY  RESEARCH. 

Typical  Example:  Requested  mechlning  information  on  the  effect  of  work 
diameter  on  tool  life,  mathematical  correlations  of  the  various  maohlnlng 
processes  and  the  means  of  predicting  the  surface  quality  in  milling. 


45 

77 

60 

70* 

48 

12 

14 

12 

14 
11 

15 

15 

11 


IB.  INFORMATION  PERTAINING  TO  ESTIMATING  COST,  SETTING  TIME  STANDARDS,  AND 
PRODUCTION  RATES  IN  MACHINING. 

Typical  Example:  Requested  Information  including  formulas  that  could  be 

used  to  predict  production  rates  and  costs.  _ 

595 

*  This  total  does  not  include  requests  for 

published  data  products  such  as  AFMDC  reports. 


SEE  APPENOIX,  PAGE  A-12 
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FIGURE  19 


GENERAL  ANALYSIS  OF  INQUIRIES 
FEBRUARY  1,  1966  -  JANUARY  31,  1968 


TYPE  OF  INQUIRY 

NO.  OF  IH 

QUIRIES 

2/1/66-1/31/67 

2/1/67-1/31/88 

ONE  OPERATION  ON  ONE  MATERIAL  GROUP 

90 

160 

ONE  OPERATION  ON  A  VARIETY  OF  MATERIAL  GROUPS 

50 

63 

SEVERAL  OPERATIONS  ON  ONE  MATERIAL  GROUP 

215 

242 

SEVERAL  OPERATIONS  ON  SEVERAL  MATERIAL  GROUPS 

124 

170 

UNITERM  LINKED  WITH  AN  OPERATION  AND/OR 

GROUP 

126 

111 

GENERAL  MACHINING  CONCEPTS  (UNITERM) 

131 

256 

TOTAL 

738 

1,002 

ANALYSIS  OF  INQUIRIES  BY  MATERIAL  GROUP 
FEBRUARY  1,  196B  -  JANUARY  31,  1968 


MATERIAL  6R0UP 

NO.  OF  IN 

QUIRIES 

2/1/BB-1/31/67 

2/1/B7-1/31/B8 

PLAIN  CARBON  ft  LOW  ALLOY  STEELS 

177 

262 

ULTRA  HIGH  STRENGTH  81  TOOL  STEELS 

171 

204 

CAST  IRON 

33 

36 

STAINLESS  STEELS 

173 

276 

NICKEL  ALLOYS 

29 

19 

MARAGING  STEELS 

66 

77 

HIGH  TEMPERATURE  ALLOYS 

254 

327 

TITANIUM  ALLOYS 

234 

222 

REFRACTORY  ALLOYS 

130 

155 

BERYLLIUM  ALLOYS 

46 

60 

ZIRCONIUM  ALLOYS 

7 

22 

ALUMINUM!,  MAGNESIUM,  ZINC, 

LEAD  *  COPPER  ALLOYS 

SO 

06 

PRECIOUS  ft  RARE  METALS 

3 

12 

POWDER  METALS 

2 

2 

NOMMETALLICS  INCLUDING  CERAMICS, 

PLASTICS,  GRAPHITE  ft  COMPOSITES 

57 

131 

TOTAL 

1,402 

1,003 

FlOttt  U 


30 


Ut  ftPPCMIX.  MIC  ft-13 


ANALYSIS  OF  INQUIRIES  8Y  TYPE  OF  MACHINING  OPERATION 
FEBRUARY  1,  1966  -  JANUARY  31,  1968 


OPERATION 

NO.  OF  IN 

QUIRIES 

2/1/66-1/31/67 

2/1/67-I/31/B8 

CONVENTIONAL  CHIP  REMOVAL 

TURNING 

367 

499 

BORING 

48 

52 

MILLING  (GENERAL) 

10 

30 

FACE  MILLING 

290 

375 

END  MILL  SLOTTING 

265 

371 

PERIPHERAL  END  MILLING 

145 

178 

SLAB  MILLING 

6 

20 

THREAD  MILLING 

7 

23 

ALL  OTHER  TYPES  OF  MILLING 

15 

20 

DRILLING 

332 

464 

GUN  DRILLING 

7 

24 

REAMING 

203 

311 

TAPPING 

254 

357 

GEAR  CUTTING 

3 

18 

BROACHING 

28 

77 

ROUTING 

4 

17 

BANDSAWING 

10 

64 

HACKSAWING 

15 

21 

TOTAL 

2,020 

2,021 

CONVENTIONAL  GRIND IN6 

GENERAL  GRINOING 

27 

33 

SURFACE  GRINDING 

171 

317 

CYLINDRICAL  GRINDING 

89 

193 

INTERNAL  GRINDING 

15 

38 

CENTERLESS  GRINDING 

6 

19 

GEAR  GRINDING 

2 

15 

THREAD  GRINDING 

8 

16 

ABRASIVE  MACHINING 

4 

17 

ABRASIVE  BELT  GRINDING 

7 

17 

ABRASIVE  CUTOFF 

12 

21 

HONING 

1 

15 

TOTAL 

342 

701 

ALTERNATE  MACH  ININS  METHODS 

ELECTRICAL  DISCHARGE  MACHINING 

50 

50 

ELECTROCHEMICAL  MACHINING 

43 

44 

ELECTROCHEMICAL  GRINDING 

tl 

27 

CHEMICAL  MACHINING 

26 

59 

PHOTOCHEMICAL  MACHINING 

1 

2 

ULTRASONIC  MACHINING 

4  ' 

15 

ELECTRON  BEAM  MACHINING 

5 

10 

LASER  MACHINING 

3 

20 

ION  BEAM  MACHINING 

t 

1 

ABRASIVE  JET  MACHINING 

0 

3 

ELECTRO-STREAM 

0 

4 

VITAL 

144 

SSI 

MISCELLANEOUS 

BURNISHING 

1 

B 

CONTROLLED  ENERGY  MACHINING 

0 

1 

SUB-ZERO  MACHINING 

3 

7 

hot  MACHINING 

1 

1 

POLISHING 

2 

< 

THREAD  ROLLING 

0 

3 

FLAME  CUTTING 

t 

2 

VITAL 

• 

SI 

VITAL 

MSS 

S.NI 

Ul  WMII.  Hit  A-IJ 
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AIR  FORCE  MACHINABILITY  DATA  CENTER 

SUMMARY  OF  SPECIFIC  INQUIRIES  BY  SIC*  NUMBER 
February  1,  1967  -  January  31,  1960 


SIC 

NUMBER  OF  INQUIRIES 

MAJOR 

SIC 

BY  SIC 

BY  SIC 

GROUP 

INDUSTRY 

INDUSTRY 

MAJOR  GROUP 

%  OF 

NO. 

NO. 

NO. 

NO. 

TOTAL 

91 

FEDERAL  GOVERNMENT 

58 

5.8 

9100 

U.S.  Department  or  Defense 

2 

9100 

USAF  -  Wright  Field 

14 

9100 

USAF  -  Andrews  Air  Force  Basc 

1 

9100 

USAF  -  Arnold  air  Force  Base 

1 

9100 

USAF  -  Tinker  Air  Force  Base 

9 

9100 

U.S.  Army 

7 

9100 

U.S.  Navy 

9 

9100 

U.S.  Marines 

2 

9100 

National  Aeronautics  &  Space  Administration 

4 

9100 

Defense  Supply  Agency 

1 

9190 

BSDA  Department  of  Commerce 

1 

9190 

U.S.  Department  Of  The  Interior 

1 

9190 

U.S.  Department  of  Justice 

1 

9190 

U.S.  Liaison  Office 

1 

NATO  Bullpup  Program 

9190 

National  Bureau  of  Standards 

1 

9190 

Small  Business  Administration 

1 

9190 

Taft  Engineering  Center 

1 

9190 

Chicago  Procurement  Detachment 

1 

92 

STATE  GOVERNMENTS 

5 

.5 

9200 

State  of  Illinois 

1 

9200 

California  State  Prison 

3 

9200 

State  of  West  Virginia,  Department  of  Commerce 

1 

18 

ORDNANCE  ANO  ACCESSORIES 

1 

.1 

1 951 

Small  Arms 

1 

27 

PRINTING,  PUBLISHING,  AND  ALLIED  INDUSTRIES 

8 

.8 

2721 

Periodicals!  Publishing,  Publishing  and  Printing 

8 

28 


CHEMICALS  AND  ALLIED  PRODUCTS 

2821  Plastics  Materials,  Synthetic  Resins,  8  Nonyulcani zarle 
Elastomers 

2823  Cellulosic  Man-Made  Fibers 

2824  Synthetic  Orsanic  Fibers,  Except  Cellulosic 

2333  Medicinal  Chemicals  ano  Botanical  Products 


1 

2 

15 


22 


2.2 


28 


PETROLEUM  REFINING  ANO  RELATED  INDUSTRIES 

2911  Petroleum  Refining 

2992  Lubricatino  Oils  ano  Greases 


12 


1.2 


30 


31 


3079 


3121 


RUBBER  AND  MISCELLANEOUS  PLASTICS  PRODUCTS 

Miscellaneous  Plastics  Products 


LEATHER  AND  LEATHER  PRODUCTS 

Industrial  Leather  Belting  and  Pacxino 


.1 


.2 


rufargf  Industrial  Classification  Manual  (SIC),  Executive  Office  of  the  President,  Bureau  of  the  Budget,  1967, 


SEE  APPEND  IS,  PARE  A- 1 4 
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NUMBER  OF  INQUIRIES 


SIC 


MAJOR 

SIC 

BY  SIC 

BY  SIC 

GROUP 

INDUSTRY 

INDUSTRY 

MAJOR  GROUP 

%  OF 

NO. 

NO. 

NO. 

NO. 

TOTAL 

32 

STONE,  CLAY,  GLASS  AND  CONCRETE  PRODUCTS 

8 

.8 

3229 

Pressed  and  Blown  Glass  and  Glassware 

2 

3291 

Abrasive  Products 

5 

3299 

Nonmetallic  Mineral  Products 

1 

33  • 

PRIMARY  METAL  INDUSTRIES 

65 

6.5 

3312 

Blast  Furnaces  (including  coke  ovens).  Steel  Works, 

5 

6  Rolling  Mills 

3313 

Electrometallurgical  Products 

1 

332  f 

Grav  Iron  Foundries 

1 

3322 

Malleable  iron  Foundries 

1 

3323 

Steel  Foundries 

15 

3331 

Primary  Smelting  and  Refining  of  Copper 

2 

3332 

Primary  Smelting  and  Refining  of  Lead 

5 

3334 

Primary  Production  of  Aluminum 

1 

3339 

Primary  Smelting  a  Refining  of  Nonferrous  Metals 

9 

3341 

Secondary  Smelting,  Refining  a  Alloying  of  Nonferrous 

1  1 

Metals  an„  Alloys 

3362 

Brass,  Bronze,  Copper,  Copper  Base  Alloy  Castincs 

4 

3369 

Nonferrous  Castings 

4 

3391 

Iron  and  Steel  Forgings 

6 

34 

FABRICATED  METAL  PRODUCTS,  EXCEPT  ORDNANCE, 

MACHINERY.  AND  TRANSPORTATION  EQUIPMENT 

44 

4.4 

3429 

Hardware 

4 

3431 

Enameled  Iron  and  Metal  Sanitary  Ware 

1 

3443 

Fabricated  Plate  Work 

17 

3451 

Screw  Machine  Products 

4 

3452 

Bolts,  Nuts,  Screws,  Rivets  and  Washers 

2 

3461 

Metal  Stampings 

6 

3494 

Valves  &  Pipe  Fittings,  Except  Plumbers*  Brass  Goods 

9 

3499 

Fabricated  Metal  Products 

1 

39 

MACHINERY,  EXCEPT  ELECTRICAL 

213 

21.2 

3511 

Engines  and  Turbines  (except  Aircraft) 

1  1 

3522 

Farm  Machinery  and  Equipment 

13 

3531 

Construction  Machinery  and  Equipment 

1 

3534 

Elevators  and  Moving  Stairways 

1 

3537 

Industrial  Trucks,  Tractors,  Trailers  and  Stackers 

1 

3541 

Machine  Tools,  Metal  Cutting  Types 

71 

3542 

Machine  Tools,  Metal  Forming  Types 

2 

3544 

Special  Dies  and  Tools,  Die  Sets,  Jigs  and  Fixtures 

3 

3545 

machine  Tool  Accessories  and  Measuring  devices 

33 

354B 

Metalworking  Machinery,  except  Machine  Tools 

4 

3554 

Paper  Industries  Machinery 

2 

3561 

Pumps,  Air  6  Gas  Compressors,  6  Pumping  Equipment 

9 

3562 

Ball  6  Roller  Bearings 

5 

3564 

Blowers,  Exhaust  6  Ventilating  Fans 

3 

3566 

Mechanical  Power  Transmission  Equipment,  Except  Ball  6 

2 

Roller  Bearinqs 

3569 

General  Industrial  Machinery  and  equipment 

4 

j 

3574 

Calculating  6  Accounting  Machines 

8 

I 

3576 

Scales  and  Balances,  except  laboratory 

1 

I 

3579 

Office  Machines 

1 

I 

3565 

AIR  CONO I T 1 ON  1 NO  6  REFRIGERATION  EQUIPMENT 

2 

\ 

3591 

Machine  Shops,  Joigino  ano  Repair 

36 

38 

CltCTIICAl  MACHINERY,  tQUIPSCNT  MO  SUPPUM 

87 

8.7 

3611 

Electric  Measuring  Instruments  6  Test  Equipment 

5 

3621 

Motors  and  Generators 

8 

3622 

Industrial  Controls 

IB 

3629 

Electrical  industrial  Apparatus 

1 

3641 

Electric  Lamps 

12 

3642 

Liohtino  Fixtures 

1 

3643 

Currcnt.Carryino  wiring  devices 

2 

FIMM  IS  (out.) 


NUMBER  OF  INQUIRIES 


MAJOR 

SIC 

BY  SIC 

BY  SIC 

GROUP 

INDUSTRY 

INDUSTRY 

MAJOR  GROUP 

%  OF 

NO. 

NO. 

NO. 

NO. 

TOTAL 

36 

ELECTRICAL  MACHINERY,  EQUIPMENT  ANO  SUPPLIES  (cont.) 

3661 

Telephone  and  Telegraph  Apparatus 

1 

3662 

Radio  and  Television  Transmitting  Apparatus 

29 

367S 

Electronic  Components  &  Accessories 

12 

3694 

Electrical  Equipment  For  Internal  Combustion  Engines 

3 

37 

TRANSPORTATION  EQUIPMENT 

289 

28.8 

3711 

Motor  Vehicles 

6 

3714 

Motor  Vehicle  Parts  and  Accessories 

3 

3721 

Aircraft  and  Missiles 

174 

3722 

Aircraft  Engines  ft  Engine  Parts-Mi ss i l e  Engines 

65 

3729 

Aircraft  Parts  &  Auxiliary  Equipment-Missile  Parts 

40 

3731 

Ship  Building  and  Repairing 

1 

38 

PROFESSIONAL,  SCIENTIFIC,  &  CONTROLLING  INSTRUMENTS; 

PHOTOGRAPHIC  &  OPTICAL  GOODS;  WATCHES  &  CLOCKS 

17 

1.7 

3811 

Engineering,  Laboratory,  Scientific  Instruments 

7 

3821 

Mechanical  Measuring  ft  Controlling  Instruments 

4 

3842 

Orthopedic,  Prosthetic,  and  Surgical  Appliances  and 

2 

Supplies 

3861 

Photographic  Equipment  and  Supplies 

2 

3871 

Watches,  Clocks,  ano  Parts  Except  Watchcases 

2 

39 

MISCELLANEOUS  MANUFACTURING  INDUSTRIES 

2 

.2 

3911 

Jewelry,  Precious  Metal 

2 

48 

COMMUNICATION 

3 

.3 

4811 

Telephone  Communication  (wire  or  radio) 

3 

WHOLESALE  AND  RETAIL  TRADE 

Construction  ft  Mining  Machinery  4  Equipment 
Metals  and  Minerals 


BANKING 

National  Banks,  Members  of  the  Feoeral  Reserve  System 


73 

7311 

MISCELLANEOUS  DUSINESS  SERVICES 

Advert i sing  Agenc i es 

5 

53 

5.3 

7391 

Research,  development  ft  Testing  Laboratories 

45 

7392 

Business,  Management  ft  consulting  Services 

3 

82 

8211 

EDUCATIONAL  SERVICES 

Elementary  ano  Secondary  Schools 

4 

07 

6.7 

8221 

Colleges,  Universities,  ft  professional  Schools 

48 

8231 

Libraries  ft  Information  Centers 

16 

8242 

Vocational  Schools 

1 

88 

8821 

NONPROFIT  NINRIRSHIP  ORGANIZATIONS 

Professional  Membership  Organisations 

21 

21 

2.1 

88 

8911 

MISCELLANEOUS  SERVICES 

Engineering  and  Architectural  Services 

13 

13 

1.3 

01 

0001 

INDIVIDUALS 

1 

1 

0.1 

AIR  FORCE  MACHINABILITY  DATA  CENTER 


COMPANIES  &  AGENCIES  SUBMITTING  INQUIRIES  TO  AFMDC 


October  1,  1964  -  January  31,  1968 


Abex  Corporation,  Mahwah,  N.J. 

Aborn ,  Dr.  Robert  H.,  Millington,  N.J. 

ACF  Industries,  Inc.,  Albuquerque,  N.M. 

Accurate  Bushing  Company,  Garwood,  N.J. 

Acraloc  Corporation,  Oak  Rioge,  Tenn. 

Aoamas  Carbide  Corp.,  Kenilworth,  N.J. 

Adkins  a  Huminik,  Alexandria,  Va. 

Aerojet-General  Corporation,  Azusa,  Calif. 
Aerojet-General  Corporation,  Claremont,  Calif. 
Aerojet-General  Corporation,  Downey,  calif. 
Aerojet-General  Corporation,  Sacramento,  Calif. 
Aerojet-General  Corporation,  Dayton,  Ohio 
Aeronca  Inc.,  Middletown,  Ohio 
Aeroprojects  Inc.,  West  Chester,  Pa. 

Aeroquip  Corporation,  Jackson,  Mich. 

Aeroquip  Corporation,  Van  Wert,  Ohio 
Aerospace  Corporation,  San  Bernardino,  Calif. 

Aerospace  Research  Applications  Center, 

Bloomington,  Ino. 

American  Institute  of  Mining  metallurgical  & 

Petroleum  Engineers,  New  York,  N.Y. 

Air  Force  Headquarter,  Washington,  D.C. 

Air  Force  Representative,  The  Martin  Co., 

Denver,  Colo. 

Airesearch  Manufacturing  Company,  Phoenix,  Ariz. 
Airesearch  Manufacturing  Company,  Los  Angeles,  Calif. 
Allegheny-Luolum  Steel  Corp.,  Dunkirk,  N.Y. 
Allegheny-Ludlum  Steel  Corp.,  Pittsburgh,  Pa. 

Alliance  Tool  Company  Inc.,  St.  Louis,  Mo. 

Allied  Chemical  Corp.,  Morristown,  N.J. 

Allis-Chalmers  Manufacturing  Company,  Milwaukee,  Wise. 
Allis-Chalmers  Manufacturing  Company,  Norwood,  Ohio 
Altamil  Corporation,  Chambers  Aircraft  Div., 
Shelbyville,  Ind. 

Aluminum  Company  of  America,  Lafayette,  Ind. ' 

Aluminum  Company  of  America,  Pittsburgh,  Pa. 

Aluminum  Smelters  Research  Institute,  Chicago,  III. 
American  Airlines  Inc.,  Tulsa,  Okla. 

American  Bosch  Arma  corporation,  Springfield,  Mass. 
American  Brake  Shoe  Company,  Elyria,  Ohio 
American  Cyanamid  Company,  Sanford,  Me. 

American  Heller  corporation,  Detroit,  Mich. 

American  Institute  of  Aeronautics,  Los  Angeles,  Calif. 
American  laundry  Machinery  industries,  Cincinnati,  Ohio 
American  Machine  ft  Foundry  Co.,  York,  Pa. 

American  Machinist,  Cleveland,  Ohio 
American  Saw  ft  Manufacturing  Company,  East  Longmeaoow, 
Mass. 

American  Society  For  Metals,  Metals  Park,  Ohio 
American  Society  of  Tool  ft  Manufacturing  Engineers, 
Dearborn,  Mich. 

American  Tool  Works,  Cincinnati,  Ohio 
American  Welding  ft  Manufacturing  Co.,  Warren,  Ohio 
Ames  Laboratory,  Ames,  Iowa 
Ametek  Inc.,  Sellersville,  Pa. 

Ammunition  Procurement  ft  Supply  Agency,  Joliet,  III. 
Ampco  Metal  Inc.,  Milwaukee,  Wise. 

Amphenol  Corporation,  Chicago,  III. 

Anderson  Brothers  Manufacturing  Co.,  Rockford,  III. 
Andrews  Air  Force  Base,  Washington,  D.C. 

Anocut  Engineering  company,  Elk  Grove  Village,  III. 

Apex  Corporation,  Indianapolis,  Ind. 

API  Corporation,  Miami,  Fla. 

Argonne  National  laboratory,  AoaoNNt,  III. 

Arizona,  University  of,  Tucson,  Arii. 

Arkwin  industries  Inc.,  westbury,  N.Y. 

Armco  Steel  Corporation,  Baltimore,  Mo. 

Armco  Steel  Corporation,  Cincinnati,  Ohio 
Armco  Steel  Corporation,  Middletown,  Ohio 
Armco  Steel  Corporation,  Torrance.  Calif. 

Armstrong  Blum  Mrs.  Company,  Cincinnati,  Ohio 
Army  Procurement  District,  Chicago,  III. 


ARO,  Inc.,  Arnold  Air  Force  Station,  Tenn. 

Arrow  Gear  Company,  Downers  Grove,  III. 

Arrowsmith  Tool  ft  Mfg.  Corp.,  Los  Angeles,  Calif. 
Astrosystems  International  Inc.,  Rockaway,  N.J. 
Atlantic  Research  Corporation,  Gainsville,  Va. 
Atlantic  Richfield  Company,  Philadelphia,  Pa. 
Atlas  Alloys,  Cleveland,  Ohio 
Automation  Accessories  Inc.,  Cincinnati,  Ohio 
Automation  Accesories  Inc.,  Dayton,  Ohio 
Automation  Industries  Inc.,  Abilene,  Tex. 
Automotive  Servicenter  Inc.,  Baltimore,  Md. 

AVCO  CORPORATION,  STRATFORD,  CONN. 

Avco  Corporation,  Richmond,  Ind. 

Avco  Corporation,  Wilmington,  Mass. 

Avco  Corporation,  Coldwater,  Ohio 
Avco  Corporation,  Nashville,  Tenn. 

Avey  Machine  Tool  Company,  Covington,  Ky. 

Avildsen  Tool  ft  Machines  Inc.,  New  York,  N.Y. 

Bachan  Manufacturing  Co.,  Pompano  Beach,  Fla. 
Backer  Tool  ft  Die,  Cincinnati,  Ohio 
Badger,  F.  Sidney,  Woodland  Hills,  Calif. 

Badgett  ft  Smith  Associates  Inc.,  Cincinnati,  Ohio 
Baker  Oil  Tools  Inc.,  Los  Angeles,  Calif. 
Baldwin-Lima-Hamilton,  Burnham,  Pa. 

Battelle  Memorial  Institute,  Columbus,  Ohio 
Battelle  Memorial  Institute,  Richland,  Wash. 
Battelle  memorial  Institute,  Los  Angeles,  Calif. 
Bausch  ft  Lomb  Incorporated,  Rochester,  N.Y. 

BDSA  Department  of  Commerce,  Washington,  D.C. 
Beech  Aircraft  Co.,  Wichita,  Kan. 

Bell  Helicopter  Company,  Ft.  Worth,  Tex. 

Bell  ft  Howell  Research  Center,  Pasadena,  Calif. 
Bellows-Valvair  Corporation,  Cincinnati,  Ohio 
Beloit  Corporation,  Beloit,  Wise. 

Beloit  Eastern  corporation,  Downington,  Pa. 

Bendix  Corporation  (The),  Detroit,  Mich. 

Bendix  Corporation  (The),  Southfield,  Mich. 

Bendix  Corporation  (The),  Kansas  City,  Mo. 

Bendix  Corporation  (The),  Teterboro,  N.J. 

Bendix  Corporation  (The),  Sidney,  N.Y. 

Bendix  Corporation  (The),  York,  Pa. 

Bendix  Corporation  (The),  South  Bend,  Ind. 
Benedict-Miller  inc.,  Lyndhurst,  N.J. 

Bennet  Technical  Services  Inc.,  Cincinnati,  Ohio 
Benrus  Watch  Company,  Waterbury,  Conn. 

Berco  Manufacturing  Company,  Waterbury,  Conn. 
Beryllium  Corporation  of  America  (The), 

Reading,  Pa. 

Beryllium  Corporation  of  America  (The), 

Hazelton,  Pa. 

Besly-Welles  Corporation,  South  Beloit,  III. 
Besly-Welles  Corporation,  Cincinnati,  Ohio 
Bethlehem  Steel  Corporation,  Bethlehem,  Pa. 

Bigger  Company,  C.  M, ,  Reading,  Ohio 
Black  ft  Decker  mfg.  Co.,  Towson,  md. 

Buss  Company,  E.  W. ,  South  Portland,  Me. 

Boeing  Company  (The),  Wichita,  Kan. 

Boeing  Company  (The),  New  Orleans,  La. 

Boeing  Company  (The),  Renton,  Wash. 

Boeing  Company  (The),  Seattle,  Wash. 

Boeing  Company  (The),  Philadelphia,  Pa.  j 

Boeing  Company  (The),  Auburn,  Wash. 

Bomar  Company,  Cincinnati,  Ohio 
Booz  Allen  Applied  Research  Inc.,  New  York,  N.Y. 
Borg-Warner  Corporation,  Fremont,  Ohio 
Borg-Warner  Corporation,  Chicago,  III. 

Bostrom  Corporation,  Milwaukee,  Wise. 

Brao  Foote  Gear  Works  Inc.,  Cicero,  III. 

Brands  Machining  company,  Portlano,  Pa. 

Brass  ft  Bronze  Institute,  Chicago,  III.  I 
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Bridgeport,  University  of,  Bridgeport,  Conn. 

Briggs  ft  Stratton  Corporation,  Milwaukee,  Wise. 

Brigham  Young  University,  Provo,  Utah 
Brooks  ft  Perkins  Inc.,  Detroit,  Mich. 

Brown  ft  Root  Inc.,  Houston,  Tex. 

Brown  ft  Sharpe  Manufacturing  Co.,  Dayton,  Ohio 
Brubaker  Tool  Corporation,  Millersburg,  Pa. 

Brunswick  Corporation,  Muskegon,  Mich, 

Brush  Beryllium  company  (The),  Hayward,  Calif. 

Brush  Beryllium  Company  (The),  Cleveland,  Ohio 
Brush  Beryllium  Company  (The),  Elmore,  Ohio 
Buckeye  Foundry  Company,  Cincinnati,  Ohio 
8udd  Company,  Newark,  Dela. 

Buerk  Tool  ft  Machine  Corporation,  Buffalo,  N.Y. 

Buhr  Machine  Tool  Company,  Detroit,  Mich. 

Bullard  Company, ( The ) ,  Bridgeport,  Conn. 

Bunker-Ramo  Corporation,  Cleveland,  Ohio 
Burgess-Norton  Manufacturing  Co.,  Geneva,  III. 
Burgmaster  Corporation,  Cincinnati,  Ohio 
Burndy  Corporation,  Norwalk,  Conn. 

Burson  Marsteller  Associates,  New  York,  N.Y. 

Icadillac  Gage  Company,  Roseville,  Mich. 

[California  State  Prison,  San  Quentin,  Calif. 

California  General  Inc.,  Chula  Vista,  Calif. 

Camcar  Screw  ft  Manufacturing  Co.,  Rockford,  III. 
Cameron  Iron  Works,  Houston,  Tex. 

Carborundum  Company  (The),  Niagara  Falls,  N.Y. 

Carlisle  Chemical  Works  Inc.,  Reading,  Ohio 
Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 
Carpenter  Steel  Company  (The),  Reading,  Pa. 

Carr  Tool  Company,  Norwood,  Ohio 

Carrier  Air  Conditioning  Co.,  Syracuse,  N.Y. 

Caterpillar  Tractor  Company,  Decatur,  III. 

Caterpillar  Tractor  Company,  Peoria,  III. 

Cavitron  Ultrasonics,  Inc.,  Long  Island,  N.Y. 

CDS  Engineering  Inc.,  Santa  Clara,  Calif. 

Ceemco,  Cincinnati .Ohio 

Celanese  Fibers  Company,  Narrows,  Va. 

Ientral  Machine  Works,  Indianapolis,  Ind. 

Centro  Corporation,  Dayton,  Ohio 
Central  Fabricators  Inc.,  Cincinnati,  Ohio 

iBERLAiN  Manufacturing  Corporation, 

Waterloo,  Iowa 

dler  Evans  Inc.,  West  Hartford,  Conn. 

e  Brass  ft  Copper  Co.,  Solon,  Ohio 

e  Manhattan  Bank,  New  York,  N.Y. 

ago  Cutting  Die  Company,  Chicago,  III. 

ago  Procurement  Detachment,  Chicago,  III. 

sler  Corporation,  New  Orleans,  La. 

sler  Corporation,  dearborn,  Mich. 

king  Machine  Products  Inc.,  Franklin  Park,  III. 

innati  Lathe  ft  Tool  Company,  Cincinnati,  Ohio 

innati  Milling  Machine  Company  (THe), 

Cincinnati  ,  Ohio 

innati  Mine  Machinery  Co.,  Cincinnati,  Ohio 
innati  Shaper  Company,  Whitewater,  Ohio 
innati  Sub-Zero  Products  Inc.,  Cincinnati,  Ohio 
innati,  University  of,  Cincinnati,  Ohio 
us  College,  Azusa,  Calif, 
ringhouse  for  Federal  Scientific  ft  Technical 
Information,  Springfield,  Va. 
eland  Automatic  Machine  Tool  Co.,  Cincinnati,  Ohio 
eland  Pneumatic  Tool  Co.,  (The),  Cleveland,  Ohio 
eland  Twist  Drill  Company,  Clevelano,  Ohio 
ite  Corporation,  Cleveland,  Ohio 
co  Products  Inc.,  Cincinnati,  Ohio 
lt  information  Center,  Columbus,  Ohio 
ins  Rao 10  Company,  Cedar  Rapios,  iowa 
ins  Rao i o  Company,  Dallas,  Tex. 

Industries  inc.,  Beloit,  Wise. 
took  ft  Wescott  Inc.,  Cambridge,  Mass. 
ord-Renn  Company,  Cincinnati,  Ohio 
inental  Aviation  ft  Engineering  Corp., 

Detroit,  Mich. 

inental  Aviation  ft  Engineering  Co*°., 

Toledo,  Ohio 

inental  Copper  ft  Steel  Co.,  Braigurn,  Pa. 


C0NT I NENTAL-EMSCO  COMPANY,  GARLAND,  TEX. 

Continental  Motors  Corporation,  Muskegon,  Mich. 
Continental  Tool  Company,  Detroit,  Mich. 

Controls  Company  of  America,  Jacksonville,  Ark. 
Conver  Steel  ft  Wire  Co.  Inc.,  New  York,  N.Y. 

Coors  Co.,  Inc.,  H.  F.,  Inglewood,  Calif. 

Coors  Porcelain  Company,  Golden,  Colo. 

CORHART  REFRACTORIES  COMPANY,  BuCHANNON,  W.  VA. 

Cornell  Aeronautical  Laboratory  Inc.,  Buffalo,  N.Y. 
Corning  Glass  Works,  Corning,  N.Y. 

Corplan  Associates,  Chicago,  III. 

Craftneeds  Inc.,  Cincinnati,  Ohio 
Crane  Co.,  New  Castle,  Pa. 

Crucible  Steel  Company  of  America,  Cincinnati,  Ohio 
Crucible  Steel  Company  of  America,  Pittsburgh,  Pa. 
Cummins  Engine  Company  Inc.,  Columbus,  Ind. 
Curtiss-Wright  Corp.,  Caldwell,  N.J. 

CURTI SS-WR 1 GHT  CORP.,  WOOO-RlDGE,  N.J. 

Curtiss-Wright  Corp.,  Buffalo,  N.Y. 

Custom  Tooling  Co.,  Cincinnati,  Ohio 
Cyclops  Corporation  (Universal  Cyclops), 

Bridgeville,  Pa. 

Dalmo  Victor  Company,  Belmont,  Calif. 

Data  Information  Gathering  Service,  Palo  Alto, 

Calif. 

Davewood  Supply  Company,  Rockford,  III. 

Dayton  Malleable  Iron  Co.,  Dayton,  Ohio 
Dayton  Research  Institute,  University  of,  Dayton, 
Ohio 

Deere  ft  Company,  Moline,  III. 

Defense  Ceramic  Information  Center,  Columbus, 

Ohio 

Del  Machine  ft  Welding  Works  Inc.,  Houston,  Tex, 

Depuy  Manufacturing  Company,  Warsaw,  Ind. 

Detroit  Broach  ft  Machine  Co.,  Rochester,  Mich. 
Deutsch  Company,  Los  Angeles,  Calif. 

Diamond  Alkali  Company,  Paynesville,  Ohio 
Diamond,  Tools  ft  Abrasives  Inc.,  Jupiter,  Fla. 
Diamonite  Products  Manufacturing  Co.,  Shreve,  Ohio 
D-K  Products  (Div.  Symington  Wayne  Corp.), 

Chicago,  III. 

D-M-E  Corporation,  Detroit,  Mich. 

Do-All  Company,  Des  Plaines,  III. 

Dover  Corporation,  Louisville,  Ky. 

Dover  Corporation,  Cincinnati,  Ohio 
Dow  Chemical  Company  (The),  Denver,  Colo. 

Dow  Chemical  Company  (The),  Golden,  Colo. 

Dow  Chemical  Company, (The) ,  Midland,  Mich. 

Drew  Chemical  Corporation,  Boonton,  N.J. 

Drexel  Institute  of  Technology,  Philadelphia,  Pa. 
Dumore  Company,  Racine,  Wise. 

Duncan  Manufacturing  Co.,  Cincinnati,  Ohio 
duPont  deNemours  ft  Co.  Inc.,  E.  I.,  Wilmington,  Del 
duPont  deNemours  ft  Co.  Inc.,  E.  I.,  Martinsville,  V< 
Dyna-Tech  Inc.,  Decatur,  Ala. 

Eastern  Kentucky  University,  Richmond,  Ky. 

Eastman  Kodak  company,  Rochester,  N.Y. 

Eaton  Yale  ft  Town  Inc.,  South  Euclid,  Ohio 
Eaton  Yale  ft  Town  Inc.,  Saginaw,  Mich. 

Ecivres  Inc.,  Norwood,  Ohio 

Edmunds  manufacturing  Co.,  Farmington,  Conn. 

EIS  Automotive  Corporation  (The),  Middletown,  Conn. 
Eitel-McCullouoh  Inc.,  San  Carlos,  Calif, 

Elano  Corporation,  Xenia,  Ohio 
Elastic  Stop-Nut  Corp.  of  America,  union,  N.J. 
Electric  Storage  Battery  Company  (The), 
Philadelphia,  Pa. 

Electrical  Machining  Inc.,  Cincinnati,  Ohio 
Electro-Jet  Tool  Company,  Cincinnati,  Ohio 
Electronic  Specialty  Company,  Portland,  Ore. 

Elliott  Company,  Jeannette,  Pa. 

Elox  Corp.  of  Micnioan,  Troy,  Mich. 

Emerson  Electric  Company,  Los  Angcles,  Calif. 
Emerson  Electric  Company,  St.  Louis,  Mo. 

EMI ,  Cincinnati ,  Ohio 

Enoineerins  Societies  Library,  New  York,  N.Y. 
Entwistle  Manufaciurino  Co.,  Providence,  R.  i. 
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Erie  Industries  Inc,  Ferndale,  Mich. 

Ernst,  Hans,  Clearwater,  Fla. 

Esarbe  Manufacturing  Co.  Inc.,  Ft.  Lauderdale,  Fla. 

Esco  Corporation,  Los  Angeles,  Calif. 

Esso  Research  4  Engineering  Co.,  Linden,  N.J. 

Euclid  Machine  Co. ,  Inc.,  Indianapolis,  Ino. 

Ex-Cell-0  Corporation,  Lima,  Ohio 

Fafnir  Bearing  Company  (the),  New  Britain,  Conn. 
Fairchild  Hiller  Corporation,  Rockville,  Md. 

Fairchild  Hiller  Corporation,  Farmingdale,  L.I.,  N.Y. 
Fairchild  Precision  Metals  Products,  El  Cajon,  Calif. 
Fansteel  Metallurgical  Corp.,  No.  Chicago,  III. 

Fellows  Gear  Shaper  Company  (The),  Springfield,  Vt. 
Ferguson  Machine  Company,  Toledo,  Ohio 
Ferris  State  College,  Big  Rapids,  Mich. 

Ferrotherm  Co.,  Cleveland,  Ohio 
Fiberite  Corporation,  Winona,  wise. 

Firestone  Tire  4  Rubber  Co.  (The),  Akron,  Ohio 
Firewel  Company  Inc.  (The),  Buffalo,  N.Y. 

Fischer  Governor  Company,  Marshalltown,  Iowa 
Flick-Reedy  Corporation,  Bensenville,  Ind. 

FMC  Corporation,  San  Jose,  Calif. 

Foro  Motor  Company,  Dearborn,  Mich. 

Ford  Motor  Company,  Metal  Stamping,  Dearborn,  Mich. 

Ford  Motor  Company,  Livonia,  Mich. 

Ford  Motor  Company,  Fairfax  Plant,  Cincinnati,  Ohio 
Ford  Motor  Company,  Sharonville  Plant,  Cincinnati, 

Ohio 

Frankford  Arsenal,  Philadelphia,  Pa. 

Franklin  Balmar  Corporation,  Baltimore,  Md. 

Franklin  Electric  Co.,  Inc.,  Bluffton,  Ind.. 

Franklin  Oil  Corporation,  Bedford,  Ohio 
Fuller  Merriam  Company,  West  Haven,  Conn. 

Fyr-Fyter  Company  (The),  Newark,  N.J. 

G  4  0  Tool  4  Die  Company,  Beechgrove,  Ino. 

Galm  Company,  Kenneth  J.,  Indianapolis,  Ind. 

Gardner  Machine  Company,  South  Beloit,  III. 

Gar-Kenyon  Instruments  Inc.,  Brewster,  N.Y. 

Gebel  Industries,  Cincinnati,  Ohio 
General  Dynamics  Corp.,  San  Diego,  Calif. 

General  Dynamics  Corp.,  Groton,  Conn. 

General  Dynamics  Corp.,  New  York,  N.Y. 

General  Dynamics  Corp,,  Ft.  Worth,  Tex. 

General  Electric  Company,  Phoenix,  Ariz. 

General  Electric  Company,  Pleasantown,  Calif. 

General  Electric  Company,  San  Jose,  Calif. 

General  Electric  Company,  Daytona  Beach,  Fla. 

General  Electric  company,  Bloomington,  III. 

General  Electric  Company,  Ft.  Wayne,  Ino. 

General  Electric  Company,  Louisville,  Ky. 

General  Electric  Company,  Everett,  Mass. 

General  Electric  Company,  Lynn,  Mass. 
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eifreat.Eistad  Machinery  Co,,  Cincinnati,  Ohio 
etco  Industries  Inc.,  Cincinnati,  Ohio 
fEYtoto  Company,  Cincinnati,  Ohio 

i  after  Pen  Company,  w.  A.,  Ft.  Madison,  Iora 
fee r  Corporation  (ThiI,  Cincinnati,  Ohio 
ffielo  Corporation  (The),  Dayton,  Ohio 
avoer  Chemical  Metallurgy  Corp.,  Detroit,  Mich, 
orsky  aircraft,  Stratforo,  Conn, 
ironics  Inc.,  Oarmont,  Pa. 
clair  Refining  Company,  Chicaoo,  III. 
clair  RtFiNiNG  Company,  Columgus,  Ohio 
ll  Business  Administration,  Chicago,  III. 
p-On-Tools  Company,  Kenosha,  wise, 
net  Tool  ft  Meg.  Co.,  Hawthorne,  Calif. 
rn  Chester  Corporation,  Lester,  Pa. 
tm  Shore  Tool  ft  Development  Inc.,  Mentor,  Ohio 
tmern  Automatics  Inc..  Cincinnati,  Ohio 


Southern  Illinois  University,  Carbondale,  III. 
Southwest  Research  Institute,  San  Antonio,  Tex. 
Special  Machine  Company,  Rockford,  III. 

Sperry  Rand  Corporation,  Clearwater,  Fla. 

Sperry  Rand  Corporation,  Detroit,  Mich. 

Sperry  Rand  Corporation,  Jackson,  Miss. 

Sperry  Rand  Corporation,  Troy,  Mich, 

Sperry  Rand  Corporation,  Bristol,  Tenn. 

Sperry  Rand  Corporation,  Salt  Lake  City,  Utah 
Spindletop  Research,  Lexington,  Kv. 

Springfield  Armory,  Springfield,  Mass 
St.  Joseph  Lead  Company,  Monaca,  Pa. 

Standard  Oil  Company-Ohio  (The),  Cleveland,  Ohio 
Standard  Pressed  Steel  Co.,  Jenkintown,  Pa. 

Stark  Industrial  Supply  Company,  Canton,  Ohio 
Statham  Instruments,  Oxnard  Calif. 

Steel  Magazine,  Cleveland,  Ohio 
Sterling  Faucet  Company,  Morgantown,  W.  Va, 

Sterling  Grinding  Wheel  Co.,  Tiffin,  Ohio 
Sterling  Instrument,  Mineola,  N.Y. 

Stevens  Institute  of  Technology,  Hoboken,  N.J. 
Strasmann  Machinery  Corporation,  Long  Beach,  Calif. 
Stuart  Oil  Co.,  Ltd.,  D.  A.,  Chicago,  III. 

Studebaker  Corporation,  Dunbar,  W.  Va. 

Styre/Pak,  Nfwton,  Iowa 

Sun  Oil  Company,  Cincinnati,  Ohio 

Sun  Oil  Company,  Marcus  Hook,  Pa. 

Sun  Shipbuilding  ft  Dry  Dock  Co..  Chester,  Pa. 
Sundstrand  Corporation,  Sundstrand  Aviation, 
Rockfopd,  III. 

Sundstrand  Corporation,  Sundstrand  Machine  Tool  Co., 
Belvioeke,  III. 

Sylvania  Electric  Products,  Inc.,  Salem,  Mass. 
Sylvestre  Screw  Company,  Providence,  R.  I. 

Systems  Research  Labs.,  Dayton,  Ohio 


TRW  Inc.,  Cleveland,  Ohio 
TRW  Inc.,  Danville,  Pa. 

TRW  Inc.,  Leganon,  Tenn. 

Taft  Engineering  Center,  Cincinnati,  Ohio 
Taylor  Forge  Inc.,  Chicago,  III. 

Technical  Consultants  Inc.,  Huntington,  W.  Va, 
Technical  Equipment  Sales  Co.,  Cincinnati,  Ohio 
Technical  ft  Trade  Training  Center,  Westgurv,  N.Y. 
Tecumsch  Products  Company,  Ann  Amor,  Mich. 
Teleovne  Inc,  Wah  Chano,  Glen  Cove,  N.y. 

Teledyne  Inc.,  Allvac  Metals,  Monroe,  N.C. 
Teledvne  Inc.,  Firth  Sterling,  Pittsburgh,  Pa. 
yeleovnc  Inc.,  Vasco,  Latroge,  Pa. 

Teledvne  Inc.,  Automated  Specialties, 
Charlottesville,  V*. 

Teleflex  Inc.,  North  W*l(s,  Pa. 

Teletype  Corporation,  Skokie,  III. 

Tennessee,  University  of,  Knoxville,  Tenn. 

Texaco  Inc.,  Beacon,  n.y. 

Texaco  Inc.,  Cincinnati,  Ohio 
Texas  Instruments  Inc.,  Dallas,  Tex. 

Texas,  university  of,  Austin,  Tex. 

Therm  Inc.,  Ithaca.  N.Y. 

Thiokol  Chemical  Corp.,  Oenviile,  N.J. 

Thompson  Company,  John  I.,  Washington,  O.C. 

Timken  Roller  Bearing  Company,  Canton,  Ohio 
Tinker  Air  Force  Base,  Oklahoma  City,  Orla. 

Tipp  Machine  •  Tool  inc.,  Tipp  City,  Ohio 
Tippett  inconporateo,  Chicopee  Falls,  Mass. 
Titanium  Mitals  Corporation  of  America, 

New  York,  N.Y. 

Titanium  Metals  Corporation  of  America, 

Toronto,  Ohio 

Tool  Sales  t  Service,  Cincinnati,  Ohio 
Tool  Steel  Gear  ft  Pinion  Co.  (The),  Cincinnati, 
Ohio 


ss 
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Toulon  High  School.  Toulon,  III. 

Townsend  Comp an y ,  Santa  Ana,  Calif. 

Tr/jb  Strohm  Corporation,  Plainview,  N.V. 

TR 1  Industries  Inc.,  Terre  Haute,  Ind. 

TRI -0  Corporat i on ,  Flainville,  Conn. 

Tru-Cut  Mach'ne  Corporation,  Cincinnati,  Ohio 
Tyco  Laboratories,  Waltham,  Mass. 

Tyler  Corporation,  Benson,  Minn. 

UTD  Corporat i on ,  Atho-,  Mass. 

U.S.  Army,  Production  Engineering  Division, 

Ft.  Belvoir,  Va. 

U.S.  Army,  Edgewood  Arsenal,  Eogewood  Arsenal,  Md  . 
U.S.  Army,  production  Equipment  Agency, 

Rock  Island,  III. 

U.S.  Army,  Weapons  Command,  Rock  Island,  III. 

U.S.  Atomic  Energy  Commission,  Washington,  D.C. 
U.S.  Baird  Corporation,  Stratford,  Conn. 

U.S.  Defense  Supply  Agency,  Cincinnati,  Ohio 
U.S.  Department  of  Defense,  N.  Arlington,  Va. 

U.S.  Department  of  the  Interior,  Rolla,  Mo. 

U.S.  Department  of  Justice,  Washington,  D.C. 

U.S.  Marine  Corps.,  Cherry  Point,  N.C. 

U.S.  Naval  Avionics  Facility,  Department  of  Navy, 
Indianapolis,  Ind. 

U.S.  Missile  Center,  MuGu  ,  Calif. 

U.S.  Naval  Ordnance  Lab.,  White  Oak,  Md . 

U.S.  Naval  ORonance  Test  Station,  China  Lake, 

Cal  i  f . 

U.S.  Naval  Post  Graduate  School,  Monterey,  Calif. 
U.S.  Naval  Underwater  Ordnance  Station,  Newport, 
R.l  . 

U. S.  Stee..  Corporat  i  on  ,  Monroeville,  pa. 

Un ion  Carb i de  Corporat i on ,  Indianapolis,  Ind. 

Union  Carbide  Corporation,  Kokomo,  Ind. 

Union  Carbide  Corporation,  Paducah,  Ky. 

Union  Carbide  Corporation,  Oak  Ridge  National 
Lab,  Oak  Ridge ,  Tsnn. 

Union  Carbide  Corporation,  Y1 2  Plant,  Oak  Ridge, 
Tenn. 

United  Aircraft  Corporat  Systems  Center, 
Farmington,  Conn. 

United  Air  Lines,  San  Francisco,  Calif. 

United  States  Borax  &  Chemical  Corp.,  New  York,  N.Y. 
United  State's  Liaison  Office,  Apo,  N.Y. 

INIteo  Siates  Time  Corporation,  Waterbury,  Conn. 
United  Technol  ..y  Center,  Sunnyvale,  Calif. 

Un i v A c ,  Roseville,  Minn. 

LN i versal-Cyclops  Specialty  Steel,  Bridgeville,  Pa. 
Universal  Technology  Corp.,  Dayton,  Ohio 
Universal  Valve' Company,  Inc.,  Elizabeth,  N.J. 

Utah,  University  of,  Salt  Lake  City,  Utah 
Utah  state  University,  Logan,  Utah 

V.  I .  Jewelry  Manufacturing  Corp.,  New  York,  N.Y. 
Valeron  Corporation  (The),  Los  Angeles,  Calif. 
Valeron  Corporation  (The),  I  no  i  anapol i s ,  Ind. 

Valeron  Corporation  (The),  Dayton,  Ohio 

Value  Program  for  Industry,  Schenectady,  N.Y. 

Van  Straaten  Chemical  Company,  Chicago,  III. 

Varo  Inc.,  Santa  Barbara,  Calif. 

Veeder-Root  Inc.,  Altoona,  Pa. 

Vermont  American  Corporation,  Louisville,  Ky. 

Viking  Forge  a  Steel  Company,  Albany,  Calif. 


VINCO  CORPORATION,  DETROIT,  MlCH. 

Virginia  Polytechnic  Institute,  Blacksburg,  Va. 

Vitro  Corporation  of  America,  West  Orange,  N.J. 

Vogt  Machine  Co.  Inc.,  Henry,  Louisville,  Ky. 

V R/Wfsson  Company,  Cincinnati,  Ohio 

Walker  Company,  O.S.,  Worcester,  Mass. 

Walker  Grinding  Company,  Santa  Barbara,  Calif. 

Walmet  Corporation  (The),  Pleasant  Ridge,  Mich. 
Walmet  Corporation  (The),  Summitt,  N.J. 

Waltco  Engineering  Company,  Gardena,  Calif. 
Warner-Swasey  Company  (The),  Cleveland,  Ohio 
Warner-Swasey  Company  (The),  Lahr  Division, 
Cleveland,  Ohio 

Warren  Pumps,  Inc.,  Warren,  Mass. 

Watertown  Arsenal,  Watertown,  Mass. 

Watervliet  Arsenal,  Watervliet,  N.Y. 

Wayne  State  University,  Detroit,  Mich. 

Weatherhf.ad  Company  (The),  Dayton,  Ohio 
Webco  Machine  Products,  Inc.,  Cleveland,  Ohio 
Weinman  Pump  Manufacturing  Co.  (The),  Columbus,  Ohio 
West  Milton  Precision  Tool  Co.,  Vandalia,  Ohio 
West  Virginia,  State  of,  Department  of  Commerce, 
Charleston,  W.  Va. 

Western  Electric  Company,  Inc.,  Omaha,  Neb. 

Western  Electric  Company,  Inc.,  Greensboro,  N.C. 
Western  Electric  Company,  Inc.,  Princeton,  N.J.' 
Western  Electric  Company,  Inc.,  New  York,  N.Y. 
Western  Gear  Corporation,  Everett,  Wash. 

Western  Reserve  University,  Cleveland,  Ohio 
Westinghouse  Air  Brake  Company,  Peoria,  III. 
Westinghouse  Electric  corp.,  Sunnyvale,  Calif 
Westinghouse  Electric  Corp.,  Buffalo,  N.Y. 
Westinghouse  Electric  Corp.,  Blairsville,  Pa. 
Westinghouse  Eiectric  Corp.,  Homewood,  Pa. 
Westinghouse  Electric  Corp.,  Philadelphia,  Pa. 
Westinghouse  Electric  Corp.,  Pittsburgh,  pa. 
Wheelabrator  Corporation,  Mishawaka,  |nc. 

White  County  Machine  Shop,  Monticello,  Inc. 

Whitin  Machine  Works,  Wh i t i nsv i lle ,  Mass. 

Whittaker  Corporation,  La  Mesa,  Calif. 

Whittaker  Corporation,  West  Concord,  Mass. 

Williams  Re s r arch  &  Engineering  Co.,  Walled  Lake, 
Mich. 

Wisconsin,  University,  Madison,  Wise. 

Wisconsin  State  University,  Plattevillf.,  Wise. 
Withrow  Company,  Arthur  c. .  Los  Angeles,  Calif. 
Wolverine  Brass  Works,  Grand  Rapids,  Mich. 

World  Tool  &  Engineering  Co.,  Minneapolis,  Minn. 

Wr i ght -Patterson  Air  Force  Base,  Manufacturing 
Techn  'logy  Division,  Wr i ght-Patterson  AFB, 

Oh  i  o 

Wr i ght-Patterson  Air  Forcf  Base  Foreign  Disclosure 
Office,  Wr i ght-Patterson  AFB,  Ohio 
Wr i ght-Patterson  Air  Force  Base  Foreign  Technology 
Office,  Wr ight-Patterson  AFB,  Ohio 
Wyman-Gordon  company,  North  Grafton,  Mass. 
Wyman-Gordon  Company,  Worcester,  Mass. 

Xerox  Corporation,  Rochester,  N.Y. 

Zenith  Manufacturing  Company,  Oak  Park,  Milh. 

Zimney  Corporation,  Monrovia,  Calif. 


FIGURE  22  (cont.) 
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SUMMARY  OF  SPECIFIC  INQUIRIES  BY  COMPANIES  MAKING  5  OR  MORE  REQUESTS 

October  1,  1964  ■  January  31,  1968 


Aerojet-General  Corporat i on  (61*  24 
Aeronca  Inc.  5 
Aerospace  Research  Application  Center  10 
Airesearch  manufacturing  Co.  (21*  5 
All i s-Chalmers  Manufacturing  Company  (2)*  13 
Altam i l  Corp .  7 
American  Society  for  Metals  10 
American  Society  of  Tool  &  Manufacturing 

Engineers  6 
Argonne  National  Laboratory  7 
Armco  Steel  Corporation  (4)*  7 
Avco  CORPORATION  (5)*  18 
Battelle  Memorial  Institute  (3)*  26 
Bendix  Corporation  (The'  (7)*  35 
Boeing  Company  (The)  (6)*  35 
Bomar  Company  5 
Brush  Beryllium  Co.  (The)  (3)*  8 
Burndy  Corporation  5 
Carborundum  Company  9 
Caterpillar  Tractor  Company  (2 ) *  5 
Cincinnati  Lathe  a  Tool  Company  7 
Cincinnati  Milling  Machine  Co.  (The)  52 
Cincinnati  Shaper  Company  6 
Cincinnati,  University  of  6 
Continental  Aviation  a  Engineering 

Corp.  (2)*  8 
Corning  Glass  Works  9 
Crucible  Steel  Company  of  America  (2)*  6 
Curtiss-Wright  Corp.  (3)*  50 
Dow  Chemical  Company  (3)*  9 
DuPont  deNemours  a  Co. ,  E.  I.  (2)*  22 
Electrical  Machining  Inc.  5 
Elliott  Company  8 
Ford  Motor  Company  (5)*  13 
General  Dynamics  Corp.  (4)*  19 
General  Electric  Co.  (27)*  175 
General  Motors  Corp.  (11)*  22 
Glidden  Company  (The)  5 
Goodyear  Aerospace  Corporation  10 
Grumman  Aircraft  Engineering  Corp.  14 
Hamilton  Standard  1 1 
Holley  Carburetor  Company  (2)*  13 
Honeywell,  Inc.  (3)*  9 
Hughes  A'rcraft  Company  (4)*  9 
Illinois,  Un i vers i ty  of  8 
INGERSOLL  RAND  CORP.  (3)*  11 
International  business  Machines  Corp.  (8)*  15 
International  Nickel  Co.  Inc.  (The ) (4) *  17 


Jerden  Manufacturing  Company  7 
Kennametal  Inc.  (3)*  9 
Kronenberg,  Dr.  Max  5 
LeBlond  Machine  Tool  Company,  R.  K.  12 
Lockheed  Aircraft  Corporation  (5)*  31 
Machine  Design  5 
Marquardt  Corp.  (The)  (2)*  6 
Martin  Company  (4)*  34 
Massachusetts  Institute  of  Technology  5 
Massey-Ferguson  Inc.  5 
MENASCO  MANUFACTURING  COMPANY  (2)*  5 
Metalworking  Magaz ine  5 
Metcut  Research  Associates  Inc.  29 
McDonnell  Douglas  Corp.  (4)*  35 
Monsanto  Research  Corporation  (3)*  6 
Morehead  State  University  5 
National  Lead  Co.  of  Ohio  (2)*  16 
New  England  Research  Application  Center  8 
North  American  Rockwell  Corp.  (8)*  59 
North  Carolina  State  University  5 
Norton  Company  6 
Pennsylvania  State  University  6 
Philco  Corporation  (2)*  5 
Planet  Products  Corp.  9 
Pratt  a  Whitney  Aircraft  (3)*  6 
Radio  Corporation  of  America  (3)*  5 
Reactive  Metals  Inc.  8 
Rock  Island  Arsenal  13 
Rohr  Corp.  8 
Sand i a  Corp.  1  1 
Southern  Illinois  University  8 
Sperry-Rand  Corp.  (4)*  5 

SUNDSTRAND  CORP.,  SUNDSTRANO  AVIATION  13 

Sylvan  ia  Electric  Products  Company  12 
TRW  Inc.,  (3)*  36 
Teledyne  Inc.,  (5)*  11 
Therm,  inc.  13 
Thiokol  Chemical  Corp.  10 
Tinker  Air  Force  Base  13 
Tool  Sales  a  Serv i ce  8 
Union  Carbide  Corporation  (4)*  29 
Vermont  American  Corp.  6 
Wayne  State  University  20 
Western  Electric  Co.,  Inc.  (4)*  5 
Westinghouse  Electric  Corp.  (6)*  20 
Wr i ght -Patterson  Air  force  Base  (3)*  46 
Wyman-Goroon  Company  (2)*  8 
Xerox  Corp.  5 


SEE  APPENDIX.  PAGE  A- IS 
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FI  DURE  23 
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DESCRIPTION  &  DISTRIBUTION  OF  AFMDC  DATA  PRODUCTS 


U.  CB 

3-5 


m 

co 


o 

09 


0 

H» 

in 

CO 

r- 

O 

in 

CO 

»— 

• 

in 

*“ 

CM 

CM 

O 

CD 

«— 

00 

CM 

■4 

in 

CD 

4 

OJ 

CO 

0 

O 

• 

• 

4 

O 

Z 

UJ 

X 

a; 

u 

-  3 

< 

0  v- 

•• 

0 

r-- 

_i  < 

0 

CC 

• 

UJ  CC 

>- 

m 

UJ  u 

O 

1 

y-  a. 

-1 

10 

ID  2 

_l 

0 

10 

UJ 

< 

z 

>•  h- 

— 

X 

O 

X 

a. 

• 

0 

-1  X 

3 

a. 

IA 

3 

•J  0 

— 

< 

H 

0 

<  - 

z 

H 

O 

a : 

X 

< 

O 

X 

t- 

-J 

H* 

0  •> 

O 

< 

_j  0 

1- 

z 

u  > 

< 

• 

UJ  0 

2 

t- 

1-  _J 

0 

< 

Ul 

1 

in  _1 

ml 

u 

CD 

ID 

< 

Ul 

cm 

<X> 

>• 

UJ 

O 

0  J 

CD  t- 

* 

Z 

(  ) 

-1  3 

co  in 

0 

< 

_»  - 

05 

z 

<  z 

—  0 

< 

0 

CC 

j 

< 

< 

0  H 

H-  UJ 

CC 

-j 

H 

Z  - 

CO  -J 

a 

— 

u 

» 

CD 

-  h- 

a  z 

a 

CO 

(A 

CO 

z 

CO  - 

Q 

1 

H 

CD 

—  • 

a  4 

< 

a: 

«— 

X  0 

a  h 

C A 

• 

X 

O 

0  -J 

in 

a 

O 

a 

CD 

a. 

UJ 

4  UJ 

• 

Cfl 

z 

mi 

CD 

UJ 

a  5  ui 

co  • 

a 

— 

< 

O 

cr 

a 

l- 

a  4 

a 

-J 

UJ  V) 

—  s 

-J 

4J 

-J 

UJ 

■mJ  O 

0 

in 

— 

ae 

4 

• 

ec  0 

•J  i 

0 

Cfl 

CD  2 

< 

UJ 

3 

«D  U.  0 

— 

a 

CD 

X 

O 

a 

UJ 

a  h 

-j 

0 

a- 

a 

•  J 

0 

-j 

_j 

z 

-1 

UJ 

> 

a 

0  z 

UJ  x  4 

mJ 

H»  UJ 

« 

U 

— 

a 

-J  - 

U  1 

H 

0 

UJ 

O 

a 

UJ  < 

a  0 

Ul 

a 

a 

-J 

• 

0 

Z 

►- 

UJ  ►- 

U.  -1 

X 

a 

CD 

4 

X 

1 

h  in 

l  w 

Z 

• 

a 

a 

3 

• 

-j  w 

mJ  Ul 

O 

-j 

a 

UJ 

-1  r» 

0 

O  H 

z 

0 

X 

Z 

0 

CC 

Z  4 

a  in 

a 

• 

a. 

4 

at 

UJ 

H- 

O  K 

H 

0 

»- 

w 

— 

H 

H* 

X 

X 

0  O 

X  ml 

z 

a 

>- 

a : 

a 

H 

O 

a  * 

e  0 

4 

a 

0 

u 

H 

8 

O 

4 

• 

0  0 

CJ 

-4  0. 

0 

z 

U  H 

0 

H* 

mJ 

UJ 

<mJ 

O 

u 

-J 

0 

-j 

«4 

« 

—1 

a 

x  x 

— 

a  - 

>■ 

a 

0 

3 

a 

0 

0 

—  1 

-J 

0  0 

0 

CJ 

a 

Z 

a. 

0 

UJ 

4  0 

mi 

—  -j 

-j 

a 

M 

H 

a 

ml  ml 

4 

a  uj 

■j 

a 

H 

>■ 

a 

Z 

UJ  0.  UJ 

b* 

UJ  UJ  < 

UJ 

a 

h- 

mi 

UJ 

» 

IP 

w 

UJ 

a  h 

a 

3 

O 

O 

a 

CC 

5 

*  H 

X 

3  in 

>■ 

5 

H- 

mi 

4 

a 

ft. 

a 

0  in 

z 

a 

OC 

a 

V) 

a 

-j 

0 

X 

0 

O 

>■ 

a 

uj  j  Z 

a  h 

H 

a 

mi 

oe 

a 

-1 

e 

UJ  0 

0  0 

u 

0 

Q 

-i 

UJ 

0 

-J 

u. 

H  O 

0 

u.  z 

4 

it 

O 

— 

n 

w 

4 

in  h- 

z 

UJ 

ae 

U.  Z 

1 1 

Z 

a 

4 

a  at 

y 

a 

0 

a 

— 

z  • 

H-  H 

Ul 

H- 

a 

O 

u 

►- 

• 

a 

O  0 

* 

a  in  cc 

a 

H* 

z 

a 

w 

—■V 

0 

0  ml 

0 

0 

0 

a  uj 

ae 

0 

a 

4 

oe  ut 

H 

X 

a 

0 

0 

ftj 

CD 

4  UJ 

O 

a  0 

0 

a 

• 

u. 

a 

b* 

a  u  h 

-J 

a  - 

H 

a 

cs 

0 

a 

4 

0 

in 

-J 

O 

a 

z 

0 

H* 

a 

z 

< 

a  T 

ml 

a 

z 

a 

4 

-  z 

—  4 

mi 

1  i 

-J 

O 

\i 

X 

4  H 

>■ 

X  *  < 

x 

-J 

X 

Si 

u 

-)  O 

ae 

a  h 

0 

a 

— • 

1 4 

0 

uj  co 

a 

0.  z 

0 

a  ^ 

Ul 

a 

m 

M 

Q 

4C 

a 

UJ 

H 

■  3 

ae 

■ 

a 

rn 

a 

H 

0  0 

O 

3 

1  1 

Cl 

[LI 

• 

• 

Z  H 

4 

•  • 

H 

0 

* 

J 

O 

-  in 

ae 

Cm  0 

4 

n 

•  < 

UJ 

-J 

3 

• 

z 

u 

•  ml 

a 

• 

Lb 

m 

5*» 

4 

-J 

Wm 

ri 

—  UJ 

UJ 

Wm 

1 

4 

• 

UJ 

I 

LU 

3 

1  y 

Cb 

1 

m 

» 

u. 

CO 

0 

flD 

CO 

u  - 

«B  H 

X 

w 

CD 

0 

ae 

CO 

Z 

CD 

4  z 

• 

win 

y 

w 

Z 

Fj 

■■ 

0 

7  * 

0 

►- 

u 

— 

V) 

0 

4 

UJ 

O 

4 

H 

0  >- 

u 

M 

z 

0 

H 

H 

O 

uj  a 

O 

a  0 

X 

rj 

0 

n 

s 

z 

0 

0 

E 

UJ  K 

flt  -j 

J 

J 

Ed 

0 

E 

a 

H 

: 

-J 

a  u.  3 

< 

a  <  x 

a 

CD 

O 


VI  UJ 

z 
u  o 

.  *-  2 
:  in 

o 
z 
o  4 


•  H 
(A  O 


►  W  H 
oe 
o 

H  H 

o  o 
z  4 
u  a 
oe  u. 
*r  “ 


z  • 
o 


-i  UJ 

t  3  * 

3 


► 

O  X 
-J  UJ 

mi  - 


CD  CC 
CD 

oi  O 
*-  z 


—  0. 

a  z 


21 

UJ  * 

£2 

K  5 

UJ  -J 

V« 

O  3 


O  (A 

—  <J 

a  y 

UJ  UJ 

i£ 


1 1 
—  4 

S  E 


I  UJ 
ID  H 
cd  in  • 

(A 

«  ►  ► 

o  o  o 

SJ  -J 

-I  -J 

<<< 


< 

x 


0 
OC  -J 
UJ  UJ 

00  ui 

a  >- 

uj  in 


(A  l 


H-  in 

H- 

o  - 

— J  4 
(A  CC 

o 

J* 
—  H 

a  o 

oT 

a  <a 

UJ  -I 
I  UJ 

-J  UJ 


O  O  > 
uo  o 
H  -» 


—  -J  > 
■  u  « 
UJ  UJ  o 
a  »-  ». 
win  u 
a  < 

X  OC 
SHU. 
O  O  UJ 

lb  Z  K 

UJ 

a  or  o 
^  h  z 
a  in  < 
o 

x  * 

a  o  <A 

Si  s 

a  j  -j 

x  *  < 
U  H 

aj  UJ 
3  oc 
3 

•  *  H 
«  0  4 
•  -I  OC 
*-  Ul  UJ 
•  UJ  0. 

8KS 

Sox 

a<  x 


< 

x 


O  sc 

*  5  • 

O  0 
U 

CD 

a  h  -j 

—  o  J 
o>  z  < 
a.  i  u 
<  1/1  u 
H-  ^  3 

•  u  z 
J  u  o 
O  H  Z 

ae  to 

Q 

SJ  Z 

o  4 

u  o 
h*  * 

-J  V) 

a  •>  H 
O  0  O 
—  -J  -I 


3  (/>  > 

a  oe 

_  X  o 
a  h  h 
©  o  o 

lb  z  < 


^  H  W 

X  • 

tt  U  IA 

SiS 

sZd 

X  OC  < 

U  K 

a-J  UJ 

3  ft 

3 

•  »  H 

O  in  < 

•  -J  OC 


3£>  5 

go  X 

a  <  x 


CD  Q 
CD  Z 
CD  < 


UJ  > 


UJ  -J 

>< 


ae 

•  3 


UJ  X 

ae  uj 
I  H 
-J 

O  X 
H-  - 

a  x 

o 

a  - 

v» 

-J  h 

a  o 

O  mJ 
—>  -J 

s* 

53 


3  5 

as 

OC 

•  H 

r»tn 

• 

p-  x 
0  0 

3x 


43 


</>  • 
V) 
J  o 

o  - 

O  -I 

H  -» 


(A  UJ 

CD  J  X 
ID  UJ  Z 
CD  UJ  O 

-ft2 

UJ  O 

a  x  £ 

x  h  < 

0 

Z  (A 

•  y  H 

WOO 

5  to  j 

-J  < 
-J  X 

a  0  > 
-  oe 
UJ  X  o 

O  <  H 

a  4  o 

a.  a:  < 

W  h  ae 
O  J  u. 
X  3  uj 


0  * 
DC  -J  (A 

o  w  ► 

lb  UJ  O 

g  tn  3 

HOW 

8->  OC 
-J  3 
<  H 
X  4 

58  2 
808 

-  z  w 

m  -  h 

cs  a 
X  X 
*  —  0 
M  K  - 
I  CD  X 

3  uj  * 

O  0 

O  <  H 

gu.  O 

Zi 

<!/)< 


CD 

CM 

O 


in 

o 

co 


x 

3 

CD  _J  0 
CD  -j  a 
WHO 

—  «  X 
Ui  b- 

UJ  CD  UJ 

a  x 

a  0 

z  0 
-  * 
•  z  - 

•4  -  Z 

a  x  - 

^  u  X 

UIIU 

is* 

—  H 

—Joe 

— J  UJ  Z 
>  * 
a  -j  uj 
UJ  O  H 

a  >  -j 

Z  4 

IT* 

U.  0 

x  o 

4  W  I 
H  .  < 


8s! 

0  H 

a  *  4 

—  uj  oe 

X  >  w 

O  O  l 
goo 

H  mi 

•  UJ  4 
woe 

•  00 

SSh 

o®5 

a  0  > 

5x5 

a  h  u 


SCI  AttMIX,  M8E  A-18 


39 


FI8UIE  27 


DATA  ACQUISITION  PLANT  VISIT  PROGRAM 


Thirty-seven  plants  were  visited  in  late  1966  thru  January  1968  for  the  purpose  of  acquiring  machin¬ 
ing  data  from  them  on  a  regular  basis.  Emphasis  was  placed  on  visiting  aerospace  firms.  Visits  to 
all  plants  were  very  satisfactory  and  there  was  general  interest  in  this  project.  Nearly  all  the 
plants  are  taking  steps  to  make  necessary  arrangements  for  transmitting  data.  Over  200  reports  of 
high  data  yield  have  already  been  received  from  several  firms.  Followup  is  planned  in  the  form  of 
correspondence  and  periodic  visits. 

During  all  visits  it  was  found  essential  to  provide  rather  detailed  information  concerning  AFMDC*  s 
organization  and  how  it  functions.  Effort  was  made  to  reach  directly  or  through  responsible  super¬ 
visory  personnel  the  lower  echelon  manufacturing  and  manufacturing  engineering  people  who  need  data 
for  immediate  application  to  machining  of  hardware.  The  effect  of  this  approach  was  noted  in  the 
significant  increase  in  inquiries  received  from  most  of  the  companies  visited.  The  specific  com¬ 
panies  visited  are: 


Aerojst-Beneral  Corporation 
Sacramento,  Cal ifornia 

American  lalding  A  Manufacturing  Company 
Warren,  Ohio 


Los  Angelas  Pisrce  Collage 
Woodland  Hills,  California 

Martin  Company. 

Orlando,  Florida 


Argonne  National  Laboratory 
Argonne,  Illinois 

Avco  Corporation 
Nashvi I  la,  Tannessaa 

Beach  Aircraft  Corporation 
Wichita,  Kansas 

Bel  I  Hal icoptsr  Company 
Ft.  Worth,  Texas 

Boeing  Company  (The) 

Wichita,  Kansas 

Boeing  Company  (Tha)  (2)* 

Seattle,  Washington 

Banaral  Dynamics  Corporation 
San  Oiogo,  Cal  I fornia 

Banaral  Dynamics  Corporation 
Ft.  Worth,  Tasas 

Banaral  Electric  Company 
Phoanls,  Arizona 

Biddinga  t  Lawla  Inc. 

Fond  Du  Lae,  Wteeonsln 

Hughes  Aircraft  Company 
Tucson,  Arizona 

Hughea  Aircraft  Company 
Culver  City,  Cal ifornia 

Kalaar  Aerospace  A  Elaetronles 
San  Leandro,  Cali fornia 

Lins>Temeo*Vought,  Inc. 

Oaf  las,  Tazaa 

Lockheed  Aircraft  Corporation  (2)* 
Bu'bsnk,  California 

Lockhaad'Baorgia  Company 
Marietta,  Baorgia 

Lockheed  Aircraft  Corporation 
Sunnyvale,  California 


Menasco  Manufacturing  Company 
Burbank,  California 

/ 

McDonnell  Douglas  Corporation 
Santa  Monica,  Cal ifornia 

McDonnell  Douglas  Corporation 
St.  Louis,  Missouri 

North  American  Rockwall  Corporation 
Anaheim,  California 

North  American  Rockwall  Corporation 
Downey,  Cal  I fornia 

North  American  Rockwall  Corporation  (2)* 
Canoga  Park,  California 

North  American  Rockwall  Corporation  (3)* 
Los  Angelas,  California 

Northrop  Noralr 
Hawthorne,  California 

Northrop  Vantura 
Newbury  Pork,  Col ifornia 

Pratt  t  Whitney  Aircraft 
West  Palm  Beach,  Florida 

Sandla  Corporation 
Albuquerque,  New  Maslco 

Solor/DI v.  of  Intarnotional  Harvostsr 
San  Diego,  Californio 

Tinker  Ai r  Force  Base 
Oklahoma  Cl ty,  Oklahoma 

Union  Carbide  Corporation 

Oak  Ridge,  Tannassso 

Wastarn  Electric  Company,  Inc. 

Oklahoma  City,  Oklahoma 

Wsstlnghouse  Electric  Corporation 
Sunnyvale,  California 


(  )•  more  than  one  visit 
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CODE  SHEET  FOR  PROJECT  TIME  CARD 


(USED  BY  EMPLOYEES  FOR  RECORDING  HOURS  ON  DAILY  TIME  CARDS) 


DIRfCT  LABOR 


INQUIRIES 


ENGINEERING  SUPERVISION* 

Inquiry  Stragety  and  Inquiry  Approval 
MACHINING  DATA  ANALYSIS 
Answering  Inquiries 
DATA  PROCESSING 
Keypunching 
Verification 
Sorting 
Coding 
Decoding 

Computer  Processing 

DATA  CONTROL 

Forms  and  Document  Handling 

DATA  ACQUISITION* 

Special  Acquisition  for  Inquiries 

REPRODUCTION* 

Xerox 

Ditto 

Drawing 

SYSTEMS  ANALYSIS 
Technical  Review 
Cost  Evaluation 

VISITS  TO  AFMDC  -  TECHNICAL* 
Manufacturing  Technology  Division 
Others 


OR  IB  INAL  DAT*  ENTRY 

ENGINEERING  SUPERVISION 
Technical  Planning 
MACHINING  OATA  ANALYSIS 

Preliminary  Screening 
Preliminary  Technical  Evaluation 
Final  Technical  Evaluation  (put  Document 
Control  No.  on  Daily  Time  Slip) 

DATA  PROCESSING 
Keypunching 
Verification 
Sorting 
Coding 
Decoding 

Computer  Processing 

DATA  CONTROL 

Forms  and  Document  Hanoung 
REPRODUCTION 
Xerox 

Drawing  or  Data  Sheets,  etc. 

SYSTEMS  ANALYSIS 

Technical  Review 

Cost  Evaluation 

Data  Acquisition  Evaluation 


DATA  ACQUISITION  -  LITERATURE 

Industrial  Contributors  of  Machining 
Reports  and  Case  Histories 
Domestic  Periodical  Literature 
Foreign  Periodical  Literature 
Industrial  Trade  Literature 
Technical  Institutions,  Professional 
Societies,  and  Associations 
Publishers  of  Handbooks,  Manuals,  Books 
Information  Centers 
Government  Agencies 
Machinability  Laboratories 

DATA  ACQUISITION  -  BY  TECHNICAL  PERSONNEL 

Plant  Visits 

Telephone,  TWX,  Telegram 
Letters 

Technical  Meetings  (Machinability) 
Technical  Meetings  (Information  Science) 
Fore ign  Plant  Visits 
Foreign  Technical  Meetings 
Industry  Special 

DATA  STORAGE 

Document  File 

Support  Information  (Books,  etc.) 

BENERAL  DISSEMINATION  OF  MACH  INABILITY 
DATA  AND  CENTER  INFORMATION 

Publication  )n  Technical  Literature 
Presentation  at  Technical  Meetings 
Presentation  at  Plants 
AFMDC  Exhibits 

Newspapers  (Metalworking,  etc.)  h  Magazines 
User  List  (Technical  Aspects) 

User  List  Products 

AFMDC  Pamphlets,  Announcements,  etc. 

Special  Reports  (State-of-the-art,  etc.) 
Bibliographies 

AFMDC  SYSTEM  REPORTS  AND  MEET  IRQ! 

Monthly  (MTD) 

Quarterly  (MTD) 

Annual  (MTD) 

Operations  Manual 
Detailed  Code  Book 
AFMDC  Meetings 

Manufacturing  Technology  Division  ano 
Information  Branch  Meetings,  Reports, 
and  Conferences 

Special  Reposts  for  Manufacturing  Technology 
Division,  DGO,  etc. 


MACH I NINO  OATA  VtRIFICATtOH 
(Provisional  •  present 
Planning 
Testing 
Reports 


•  EXFERIMIHTAl 

.v  inactive) 


•Pul  Inquirer  and  Sequence  number t  in  Optra! ion  epace  on  Time  Cord. 
The  Inquirer  No.  and  Sequence  No.  are  those  blocked  out  at  the  top 
of  IF-i  as  shown  here: 


8SIPPMDIX,  RAM  A-t7 


PIMM  SI 


COPE  SHEET  FOR  PROJECT  TIME  CARD  ( cont  inued) 


SYSTEMS  ANALYSIS  -  ggNERAL  1600 

1130  Computing  System  (Systems  Aspects)  1610 

Statistical  Program  for  Analysis  of 
Cf.nter  Effectiveness  (SPACE)  1620 

1130  Computing  System  (Technical  Aspects)  1630 

JMDIRECT  UBOR  0000 

General  Repair,  Cleaning,  Painting  0101 

Training  0102 

Sickness  or  Excused  Absence  0103 

Vacation  0104 

Acquisition  of  Major  Facilities  and 

Equipment  0105 

Acquisition  of  Minor  Equipment  and  Supplies  0106 

Proposals  and  Setting  Up  programs  0116 

Technical  Meetings  and  Papers  (not  directly 

RELATED  TO  AFM3C)  0127 

General  AFMX  Clerical  and  Office  Work  0128 

General  AFWjc  Administration  0150 

Typing  and  Clerical  on  Inquiries  0151 

Typing  and  Clerical  on  Original  Data  Entries  0152 
Handling  of  Mail  0153 

Personnel  (Hiring,  etc.)  0154 

User  File  (Typing  and  Clerical)  0155 

Visitors  (Transportation,  System 
Demonstration,  General  AFAOC  Information)  0156 

Data  Processing  (Time  Caros,  etc.)  0157 

Typing  and  Clerical  on  User  Products  0158 

Miscellaneous  AFMDC  Nonchargeable  Services  0159 

Library-Support  Information  0160 


PURCHASES 

For  Purchases  precede  code  by:  800 

Examples: 

800-1230  IBM  cards  for  data  processing,  etc.-. 
800-0000  Indirect  charges  such  as  general  supplies 
800-1272  Purchase  of  domestic  periodical  literature 


PIMME  21  <«ORt.) 
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AFMDC  DAILY  TIME  SLIP 


Employee’s  Operational 
Area  (Machining  Data 
Analysis) 

\ 

\ 


Employee  Number 


Answering 

(nouiries 

V 


Operational 

Area 

(Machining 
Data  Analysis- 
Code  4) 


Final 

Technical'' 

Evaluation 


Work  in  . 

Another  / 

Operational/ 
Area  (data 
Acquisition* 

COOE  ?) 


METCUT  RESEARCH  ASSOC^TES 
\ 

V 

NAME 

CLOCK  No.  > 

■  ■  ■  1  ■'  1  ■ 

INC.  y 

/ 

DAILY  TIME  JS LIP 

*  // 

t-zzo  vmjzr-zo-c? 

> 

N  ^job  no. 

OPERATIONS’ 

✓ 

TIME 

ELAPSED 

"'V-//A/ 

0&70-/OC9Z 

_ 

9<S~ooa/~  £  7 

/•  o 

V-  /Z33 

AsT 

L/.aT 

/ 

/ 

/ 

APPROVED 

TIMEKEEPER 

9™ 

Specif  ic  Company 
.^''Making  Inquiry 


Sequent i al 
Number  Of 
“Specific 
Inquiry 


Document  Number 
Assigned  To  Data 
Product  (In 
process) 


UEtfUMU,  MU  A*J7 
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*IWU  II 


AFMDC  OPERATING  COSTS 
FEBRUARY  I,  1967  -  JANUARY  31,  1968 


|  INPUT  COSTS 

TECHNICAL  EVALUATION 

OATA  PROCESSING 

DOCUMENT  ACQUISITION  A  REPRODUCTION 

EQUIPMENT,  SUPPLIES  A  SERVICES 

S 

23.311.81 

14,732.75 

12.720.80 

50,764.06 

9.600.00 

TOTAL 

i 

60.364.06 

|  OUTPUT  COSTS 

INQUIRIES: 

TECHNICAL  EVALUATION 

OATA  PROCESSING  A  RETRIEVAL 

DATA  ACQUISITION  t  REPRODUCTION 

I 

40.337.82 

12,558.87 

5,703.13 

GENERAL  DISSEMINATION  OF  MACH  INABILITY  OATA  A  CENTER  INFORMATION 

58,880.82 

6,934.32 

USER  LIST  PRODUCTS: 

OATA  PROOUCTS  IN  PROCESS 

0,608.02 

AFMDC  SYSTEMS  REPORT 

SECONO  ANNUAL  REPORT  *  PREPARATION  COSTS 

SECONO  ANNUAL  REPORT  -  PRINTING  COSTS 

AFMOC,  MTO.B  INFORMATION  BRANCH  MEETINGS 
t  SPECIAL  MTO  REPORTS 

1,183.30 

5.418.55 

715.00 

4,100.52 

EQUIPMENT,  SUPPLIES  B  SERVICES 

86,830.43 

12,122,31 

TOTAL 

$ 

88.781.74 

|  SYSTEMS  ANALYSIS.  MOO  IF  ICAT 1  ON  1  CWTRQl  | 

TECHNICAL  EVALUATION 

DATA  PROCESSING  -  IBM  H 30  COMPUTING  SYSTEM: 

TECHNICAL  ASPECTS 

SYSTEMS  ASPECTS 

BATA  ACQUISITION 

OPERATIONS  MANUAL  A  CODE  BOOS  REVISIONS  1  ADDITIONS 

1.887.17 

010.73 

8,474.88 

1,872.08 

888.07 

EQUIPMENT.  SUPPLIES  1  SERVICES 

TOTAL 

S 

12.030.20 

1.827.81 

13,857.81 

TOTAL  ACTUAL  COSTS  NOT  INCLUOINO  FIXED  FIE 

s 

172,704.01 

APVMII,  NIK  *.t7 
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APPENDIX 


Description  of  AFMDC  (page  1) 

This  description  of  AFMDC  is  distributed  by  the  Center  in  the  form  of 
a  pink  flyer  (3-1/2"  x  7-1/2")  with  the  information  relating  to  Scope, 
Collection,  and  Information  Services  on  one  side  of  the  card  and  with 
instructions  on  how  to  request  machining  information  from  AFMDC  on 
the  other  side.  The  pink  flyer  is  convenient  in  size  which  makes  it 
possible  to  include  it  in  all  types  of  mailings  and  to  use  it  for  handouts 
at  meetings  and  for  Center  visitors.  Various  plants  have  also  used 
AFMDC  flyers  to  acquaint  machining  personnel  with  Center  services. 

By  including  detailed  information  on  how  to  request  machining  information, 
it  is  hoped  that  some  loss  in  time  can  be  avoided  and  that  the  search 
strategy  required  will  be  simplified.  Information  shown  on  page  1  has 
also  been  furnished  for  the  Air  Force  Materials  Information  Centers 
(AFMIC)  booklet,  March  1967. 


AFMDC  Organization  Chart  (Figure  1,  page  2) 

This  Organization  Chart  is  self-explanatory,  but  certain  comments  may 
be  helpful  toward  gaining  a  fuller  understanding  of  the  basic  plan.  One 
of  the  most  important  aspects  of  AFMDC's  organization  relates  to  use 
of  engineering  personnel.  These  persons  are  professionally  trained, 
experienced  people  who  have  the  capability  of  judging  the  value  of 
machining  information  for  input  purposes  and  to  make  technical  analyses 
of  output  used  for  answering  specific  inquiries  as  well  as  developing 
data  products. 

Systems  Analysts  are  employed  on  a  part-time  basis,  with  emphasis 
being  placed  in  three  areas:  1)  Data  Processing,  2)  Document  Processing, 
and  3)  Data  Acquisition.  Consultants  are  used  to  a  limited  extent. 

Up  to  the  present  time,  almost  complete  emphasis  on  document  acquisition 
has  been  given  to  domestic  considerations.  Since  the  foreign  literature 
and  foreign  efforts  relating  to  machinability  are  significant,  this  area 
has  been  covered  by  using  a  consultant  to  report  on  foreign  trends  as 
they  may  Influence  need  for  domestic  cognizance. 

The  Organization  Chart  indicates  requirements  for  employing  one  additional 
Machining  Data  Analyst.  Since  AFMDC  is  operated  byMetcut  Research 
Associates  Inc. ,  full  advantage  is  taken  of  the  capabilities  of  Metcut 
personnel  not  associated  with  AFMDC  on  a  full-time  basis.  This  includes 
Dr.  Michael  Field,  president  of  Metcut,  Mr.  Norman  Zlatin,  vice-president 
of  Metcut,  Dr.  John  F.  Kahles,  vice-president  of  Metcut,  and  Mr.  John 
Christopher,  who  is  a  project  engineer  in  charge  of  experimental 
machining  data  being  developed  at  Metcut. 


A-l 


Since  metal  removal  is  a  very  complex  technical  discipline,  it  is  obvious 
that  not  all  of  the  capability  required  can  be  centered  in  one  organization, 
and  therefore  use  has  been  made  of  part-time  analysts  located  at  several 
companies. 

Two  important  areas  of  AFMDC  systems  are  document  acquisition  and 
data  processing.  Document  acquisition  is  responsible  for  acquiring  input 
from  both  domestic  and  foreign  sources  covering  the  entire  broad  scope  of 
machining  information  required  to  meet  the  output  of  the  Center.  Data 
processing  is  a  key  function  required  for  storage  and  retrieval  of  the  detailed 
evaluated  and  coded  information  extracted  by  Machining  Data  Analysts. 
Mechanical  processing  of  data  was  accomplished  prior  to  July  1,  1966,  by 
Electrical  Accounting  Machine  (EAM)  equipment.  Part  of  this  equipment 
now  supports  the  IBM  1130  computer,  which  is  the  medium  for  storage  and 
retrieval  of  processed  information. 

From  an  information  point  of  view,  the  Organization  Chart  also  reflects 
handling  aspects  of  information  which  do  not  require  full-time  activity. 

Trained  competent  secretarial  personnel  handle  activities  of  the  files 
pertaining  to  inquiries  and  data  products.  The  Organization  Chart  indicates 
a  requirement  for  a  part-time  data  processing  clerk. 

Part-time  Systems  Analysts  are  used  to  develop  required  computer  programs 
and  systems  evaluation  of  current  operations.  Capability  of  full-time 
engineering  and  data  processing  personnel  has  been  developed  to  supplement 
the  effort  now  being  expended  by  part-time  Systems  Analysts. 

AFMDC  Operational  Areas  (page  3) 

Each  of  the  functional  areas  of  operation  of  AFMDC  has  been  assigned  a 
code  number  from  1  through  9  and  0.  These  time  codes  are  used  in 
connection  with  the  codes  shown  in  Figure  28.  pages  41  and  42,  Code  Sheet 
for  Project  Time  Card.  For  example,  a  Machining  Data  Analyst  in 
functional  area  No.  4  who  is  answering  inquiries  will  use  the  code  4-1121. 

If  a  Machining  Data  Analyst  in  area  No.  4  is  performing  in  another 
operational  area,  such  as  assisting  in  technical  aspects  of  document 
acquisition  by  obtaining  data  from  industrial  plants  (see  Figure  28,  time 
code  1281),  he  will  use  the  time  code  7-1281.  Since  the  project  time  card 
also  includes  his  employee  number  and  the  operational  area  in  which  he 
functions,  it  is  possible  to  determine  the  extent  of  time  spent  by  employees 
in  their  principal  assigned  area  as  compared  with  time  they  spend  in  other 
functional  areas  of  the  Center  (see  actual  Dally  Time  Slip,  Figure  29,  page  43). 
More  important,  the  stored  punched  card  information  from  the  project 
time  card  Is  valuable  in  providing  detailed  analyses  of  the  various  cost 
aspects  pertaining  to  the  Center's  operation. 


AFMDC  Operations  Chart  (Figure  2,  page  4) 


Basically  the  Operations  Chart  divides  functions  into  two  principal  parts: 

1)  System  Input,  and  2)  System  Output.  The  other  function  shown  in  the 
heading  is  System  Analysis  and  is  linked  to  input  and  output  to  insure  and 
measure  the  effectiveness  of  the  two  major  functions.  All  sources  of 
information  are  referenced  as  'documents'  regardless  of  whether  they 
are  journals,  books,  technical  reports,  data  sheets,  microfilm, 
abstracts,  etc. 

System  Input  consists  of  the  steps  shown  in  Figure  2  which  are  designed 
to  accept  any  type  of  document  from  any  source  and  process  it  so  that  each 
document  becomes  an  entity  within  the  system.  The  steps  are  set  so  that 
documents  may  be  evaluated  as  to  the  nature  of  the  information  contained 
in  view  of  the  computer  programs  and  codes  which  were  established  and 
are  modified  by  System  Analysis.  In  the  preliminary  screening  step 
judgments  are  made  by  engineering  personnel  as  to  whether  documents 
received  at  AFMDC  have  valuable  machining  information.  The  selected 
documents  are  then  sent  on  to  engineering  personnel  for  technical 
evaluation  and  the  important  information  is  extracted  and  recorded 
using  established  codes  and  formats. 

Due  to  the  large  backlog  of  unprocessed  documents  on  hand  at  the 
beginning  of  operation  of  AFMDC,  a  decision  was  made  to  process 
documents  through  the  step  called  Preliminary  Technical  Evaluation. 

This  evaluation  identified  only  seven  parameters  of  a  machining 
situation,  if  available,  1)  machining  operation,  2)  material  hardness, 

3)  material  condition,  4)  heat  treatment,  5)  material  group,  6)  material 
description,  7)  tool  material.  At  this  step  all  documents  were  assigned 
uniterms  where  applicable  to  describe  the  text  to  the  system.  These 
uniterms,  together  with  the  source  control  number,  are  punched  into 
card  formats.  Examples  of  computer  printouts  of  searches  made  on 
the  Preliminary  Technical  Evaluation  and  Uniterm  Files  are  shown  in 
Figures  8  and  9,  pages  11  and  12.  This  mode  of  evaluation  allowed 
for  rapid  access  to  documents  in  AFMDC  storage.  As  of  April  1,  1967, 
the  Preliminary  Technical  Evaluation  step  was  eliminated  and  all 
Incoming  documents  selected  in  Preliminary  Screening  are  routed 
directly  to  Final  Technical  Evaluation.  In  this  phase  of  the  processing 
all  of  the  significant  reported  information  for  each  machining  situation 
is  extracted,  including  numerical  data  and  tool  geometry.  The  extracted 
information  is  placed  on  the  forms  shown  in  Figure  5,  page  8.  These 
forms  are  given  to  a  keypunch  operator  who  punches  cards  which  will 
be  stored  on  the  computer.  A  printout  of  this  type  of  information  is 
shown  in  Figure  10,  page  13. 

System  output  consists  of  the  three  basic  types  of  output:  1)  specific 
inquiries,  2)  data  products,  and  3)  general  dissemination.  Specific 
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inquiries  may  be  submitted  to  AFMDC  by  anyone  qualified  as  a  User  of 
AFMDC.  The  request  may  be  for  specific  data  for  a  machining  situation 
or  series  of  machining  operations,  state-of-the-art  studies,  etc.  A 
list  of  the  types  of  inquiries  is  shown  in  Figure  15,  page  19. 

Data  products  are  published  by  AFMDC  on  timely  subjects  which  are  compre¬ 
hensive  studies  and  generally  take  the  form  of  charts  of  data  for  one  or  more 
alloys.  The  charts  contain  all  the  known  data  for  machining  parameters, 
tool  geometry,  cutting  fluid,  tool  material  and  other  considerations  directly 
applicable  to  the  machining  situation.  When  data  products  become  available 
a  notice  is  sent  to  every  individual  on  the  User  File.  Through  this  notice 
the  User  is  made  aware  of  information  that  may  be  applicable  to  his  needs. 

General  dissemination  takes  the  form  of  plant  visits  for  coordination  (see 
page  40),  writing  technical  papers  or  preparing  exhibits  for  presentation 
at  meetings  or  presentation  in  the  literature.  AFMDC  is  always  open  to 
visitors  and  technical  personnel  are  available  to  discuss  various  problems 
in  detail  and  to  show  the  User  how  AFMDC  can  assist  his  operation. 

AFMDC  User  File  Map  (Figure  3,  page  5) 

The  User  File  map  shows  the  number  of  organizations  per  state  and  the  total 
number  of  individual  Users  in  those  organizations  per  state.  These  figures 
include  Industrial  Firms,  Government  Agencies,  Universities,  Colleges, 
other  Centers,  Publishers  and  Societies.  Four  states  have  no  Users  and  21 
states  have  10  or  less  organizations.  As  would  be  expected,  the  heavy 
concentration  of  Users  is  in  heavy  industrial  sections  and  the  West  Coast 
aerospace  industry. 


Distribution  of  AFMDC  User  File  (page  6) 

The  basic  User  File  was  developed  by  using  the  following  sources: 

World  Space  Directory,  Volume  3,  No.  1  -  This  directory  contains  a 
large  index  of  plants  associated  with  the  aerospace  industry.  An 
important  section  lists  the  "Major  Missile  and  Space  Manufacturers". 
Request  forms  were  sent  to  key  people  in  all  of  the  company  listings 
in  this  section,  and  provision  was  made  in  the  form  allowing  for 
listing  additional  personnel,  personnel  from  other  divisions,  and 
major  subcontractors. 

Manufacturing  Committee  of  the  Aerospace  Industries  Association, 
Washington,  D.  C.  -  This  is  an  important  aerospace  group  which  has 
need  for  machining  information  in  the  solution  of  their  common 
industry  problems. 

The  American  Society  for  Engineering  Education  (including  members 
of  the  Engineering  College  Administrative  Council,  Engineering 
College  Research  Council,  Technical  Institute  Council  and  Industrial 
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Members)  -  Letters  were  sent  to  the  deans  of  all  of  the  important 
colleges  which  have  significant  interest  in  machining  through  depart¬ 
ments  such  as:  Aeronautical  Engineering:  Ceramic  Engineering; 

General  Engineering;  Industrial  Engineering;  Mechanical  Engineering; 
Metallurgical  Engineering;  Pre-Engineering;  Engineering  Extension 
Groups;  Control,  Computer  and  Information. Science  Departments; 
Material  and  Engineering  Sciences;  and  Technical  Engineering 
Institutes  and  Engineering  Research  Groups  oriented  in  disciplines 
of  materials  and  material  removal.  Products  of  the  Center  have 
been  helpful  to  college  students,  some  of  whom  are  already  engaged 
in  time  standards  work,  manufacturing  engineering,  etc.,  in  cooper¬ 
ative  work  programs  and  in  summer  jobs.  Even  more  important  is 
the  fact  that  the  training  of  engineers  and  thus  their  future  professional 
performance  will  be  influenced  through  AFMDC' s  activities. 

Information  Sources  -  Listings  were  compiled  from  "A  Directory  of 
Information  Resources  in  the  United  States",  National  Referral 
Center  for  Science  and  Technology,  Library  of  Congress,  January 
1965.  The  prime  function  of  the  Referral  Center  is  to  direct  people 
to  the  proper  information  sources,  including  Centers,  in  the  United 
States.  Their  directory  contains  a  large  listing  of  Centers,  Technical 
Societies,  Government  agencies,  etc.  ,  which  in  turn  disseminate 
information  to  their  various  clientele.  This  directory  was  reviewed 
and  selections  for  the  User  File  were  made. 

1964  "ASM  Index  for  the  Review  of  Metal  Literature"  -  This  list 
includes  societies  and  trade  publications  in  the  United  States,  and 
from  it  selections  were  made  of  those  concerned  with  material  removal. 

Manufacturing  Technology  Division,  Wr ight-Patterson  AFB,  Ohio, 

Report  Distribution  Lists  -  It  should  be  noted  that  these  distribution 
lists  include  other  Departments  of  the  Air  Force,  the  Departments 
of  the  Army,  Navy,  Defense,  and  other  Government  agencies. 

Inquirers  -  People  who  request  information  from  AFMDC  are  termed 
'inquirers'.  New  inquirers  not  already  listed  in  the  User  File 
are  added  to  it.  Since  there  have  been  2,  333  inquiries  during  the 
3-1/3  years  operation  of  AFMDC,  it  is  quite  obvious  that  the  file  will 
grow  considerably  from  this  source  alone. 

Materials  Advisory  Board  (MAB)  Committee  on  Manufacturing  Require¬ 
ments  for  Aerospace  Materials  and  the  Ad  Hoc  Committee  on  Aerospace 
Manufacturing  Requirements  -  This  group  was  contacted  because  of 
its  importance  in  manufacturing  planning  at  a  national  level. 

In  order  to  keep  the  User  File  current,  each  individual  on  the  User  File  is 
periodically  contacted  to  ascertain  whether  he  wishes  to  continue  to  be  listed 
and  whether  there  are  any  changes  in  position  and  address.  The  last  such 
survey  was  accomplished  in  November  1967.  Names  are  added  to  the  User 
File  as  a  result  of:  1)  inquirers,  2)  visitors,  3)  additional  names  submitted 
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by  current  users,  4)  requests  resulting  from  dissemination  of  data 
products,  and  5)  technical  articles  published  in  periodicals  and  announce¬ 
ments  pertaining  to  the  Center. 

Page  6  indicates  that  there  are  a  total  of  4,  026  individual  users  from  a 
total  of  1,  526  organizations. 


Computer  Input  and  Output  Flow  Chart  (Figure  4,  page  7) 

The  flow  pattern  described  in  this  diagram  gives  a  picture  of  the  goals  of 
AFMDC.  All  documents  with  detailed  data  are  given  to  a  Machining  Data 
Analyst  so  that  this  data  may  be  extracted  and  placed  in  "Data  Code  Forms", 
see  Figure  5,  page  8.  This  information  is  then  punched  on  cards  from 
which  the  disk  files  are  generated. 

The  flow  chart  indicates  Preliminary  Technical  Evaluation,  a  phase  in 
document  processing.  While  this  step  has  been  eliminated  for  incoming 
documents,  it  is  shown  because  there  is  still  a  backlog  in  the  files  of 
documents  which  were  processed  as  far  as  Preliminary  Technical  Evalua¬ 
tion  prior  to  April  1,  1967. 


Data  Code  Forms  for  Final  Technical  Evaluation  (Figure  5,  page  8) 

Figure  5  is  a  photograph  showing  both  the  front  and  back  of  Data  Code 
Forms  used  as  an  intermediate  step  between  the  original  document  and 
the  punched  cards  used  as  input  to  disk  storage.  The  formats  are  designed 
to  handle  alphameric  information  required  for  some  parameters  and 
decimal  numbers  for  others,  as  well  as  integers.  These  formats  and  a 
book  with  codes  enable  the  Machining  Data  Analyst  to  concisely  identify  the 
important  information  regarding  a  specific  machining  situation.  Required 
decimals  are  set  in  the  numerical  data  fields,  thereby  further  simplifying 
recording  of  the  data.  These  forms  are  then  passed  to  the  keypunch 
operator,  who  punches  the  information  contained  in  them  into  Index,  Tool- 
Cutting  Fluid,  and  Numerical  Data  Cards. 


These,  plus  the  additional  cards  used  by  AFMDC  are  described  as  follows: 


Card 

0  Inquiry 


1  Index 


Description 

The  Inquiry  Card  is  punched  with  the  inquiry 
information  desired  and  is  used  by  matching  key 
indices  in  exactly  the  same  columns  as  Information 
which  would  have  been  precoded  into  the  System. 

The  Index  Card  establishes  Information  available  in 
the  System  by  preassigned  data  index  columns  and 
respective  codes  to  be  matched  against  inquiries. 
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Card _ 

1  Index  (cont. ) 


I 

I 


2  Tool  - 

Cutting  Fluid 


3  Numerical 
Data 

4  Uniterm 
(key  word) 


5  Data  Link 


6  Aperture 


7  Bibliography 


8  Potential 
Source  of 
Information 


! 


Description 

The  Index  Card  describes  the  machining 
situation  including  the  machining  operation, 
specific  material  designation,  hardness,  condition, 
heat  treatment,  and  broad  material  group.  In 
addition  to  the  above  "minimum  requirements", 
the  Index  Card  also  includes  the  part  configuration 
code,  tool  material,  machine  tool  description, 
and  the  control  codes.  The  control  codes  provide 
information  on  the  data  source,  its  classification 
and  index  controls  which  allow  for  retrieval 
monitoring.  The  primary  method  of  access  into 
the  AFMDC  information  decks  is  through  the 
Index  Card. 

This  card  defines  tool  size,  shape,  and  geometry, 
as  well  as  the  trade  name  and  manufacturer.  It 
also  identifies  the  trade  name  of  the  cutting  fluid, 
the  manufacturer,  and  the  concentration  of  the 
cutting  fluid. 

The  Numerical  Data  Card  contains  actual  values 
of  machining  variables,  such  as  feeds,  speeds, 
depth  of  cut,  hole  size,  tool  life,  etc. 

This  card  alphabetically  describes  special  tech, 
nical  significance  of  a  document  not  covered  by 
categories  included  on  the  Index,  Numerical  Data, 
and  Tool-Cutting  Fluid  Cards. 

This  card  provides  means  for  eliminating  the 
recording  of  data  relevant  to  different  topics  or 
sources.  Data  are  encoded  and  stored  under  one 
control  code. 

The  Aperture  Card  is  used  to  store  and  retrieve 
microfilms  of  pertinent  curves,  drawings  or  any 
information  best  stored  in  a  graphic  manner. 

The  Bibliography  Card  set  is  designed  to  present 
the  Source  Document  In  a  formalized,  uncoded 
manner. 

This  card  records  into  the  System  information  on 
contracts  awarded  and  other  work  initiated  or  in 
progress  which  are  considered  potential  informa¬ 
tion  sources.  In  this  manner,  the  card  helps 
direct  an  active  data  acquisition  program.  It  also 
serves  as  a  card  to  store  certain  bibliographic 
information  such  as  author  and  organization. 
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Card 


Description 


8  Visitor  This  card  has  the  same  format  as  the  Potential 

Source  of  Information  Card  and  therefore  serves 
not  only  to  develop  a  Visitor  File  but  can  and  is 
used  to  identify  visitors  as  inquirers  and/or 
potential  sources  of  information. 

9  Tickler  The  Tickler  Card  is  generated  at  the  time  machining 

information  is  committed  to  the  System  primarily 
as  a  review  device  for  updating,  purging,  etc. ,  but 
also  for  checking  on  commitments  for  potential 
sources  of  information.  Dates  for  tickler  review 
of  data  committed  to  the  System  are  based  upon 
the  times  related  and  shown  in  the  Classification 
Code. 

Flow  Chart  for  Fortran  Program  to  Store,  Add  or  Search 
Inquiry  File  (Figure  6,  page  9) 

The  flow  chart  of  the  inquiry  program  is  an  example  of  the  storage  and 
search  techniques  used  by  AFMDC  on  the  IBM  1130  computer  system.  These 
programs  have  two  basic  sections:  1)  to  create  files  into  which  data  may  be 
stored,  added  to  and  deleted  from,  and  2)  to  set  up  a  procedure  for  searching 
the  data  files.  Discussion  of  the  inquiry  program  follows: 

1)  Create  data  file  and  store  additional  cards  to  file.  Console  Data  Switch 
No.  0  controls  loading  of  a  new  deck  of  cards  to  create  an  original  file. 

This  file  is  created  in  a  file  protected  disk  area  called  "User  Area". 

At  the  end  of  each  month,  inquiries  for  that  month  are  coded  and  cards 
punched.  The  additional  cards  are  then  loaded  at  the  end  of  the  file. 
Console  Data  Switch  No.  1  is  used  to  control  this  function  of  the  program. 
By  this  procedure,  the  Inquiry  File  is  only  one  month  behind  any  inquiry 
ever  submitted  to  AFMDC. 

2)  Search  Routine  -  Since  the  load  and  add  functions  of  the  program  are  to 
by  bypassed.  Data  Switch  No.  0  and  Data  Switch  No.  1  are  turned  off. 
Control  of  the  parameters  to  be  matched  in  the  search  are  then  selected 
through  the  use  of  Data  Switches  No.  2,  No.  3,  No.  4  and  No.  3.  All 
or  any  combination  may  be  selected  by  the  operator  as  specified  by  the 
Machining  Data  Analyst.  These  Data  Switches  (D.  S. )  control  matches 
for:  Specific  Machining  Operation  (D.  S.  2);  Specific  Material  Group 
(D.  S.  3);  Specific  Material  Description  (D.  S.  4);  and  Uniterm  (D.  S.  5). 
Through  the  use  of  the  Data  Switches  the  computer  may  be  used  to 
narrow  the  selection  of  documents  if  the  initial  search  output  yields  too 
many  references.  This  concept  is  fundamental  to  all  of  the  search 
programs  operated  by  AFMDC. 
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Inquiry  File  Search  (Figure  7,  page  10) 


The  Inquiry  File  which,  as  of  January  31,  1968,  contained  data  pertaining 
to  2,  333  inquiries  is  a  very  important  AFMDC  file.  Search  of  this  file 
can  prevent  duplicate  effort  in  answering  identical  inquiries  or  provide 
assistance  in  answering  those  having  similarity. 

Figure  7  shows  the  use  of  Data  Switches  described  in  Figure  6,  page  9, 
as  they  were  utilized  to  make  broad  and  then  selective  searches  on  the 
Inquiry  File.  The  first  search  was  made  on  the  Uniterm,  CUT  FLUID,  by 
having  Data  Switch  No.  5  in  the  'on'  position.  When  the  file  was  interrogated 
the  machine  selected  and  printed  all  inquiries  for  which  the  Uniterm,  CUT 
FLUID,  was  used.  To  be  more  selective  on  the  second  search,  material 
group  301  (NICKEL  BASE  HIGH  TEMPERATURE  ALLOYS)  and  material 
description  INCO  718  were  added  to  the  CUT  FLUID  Uniterm  on  the  search 
card.  In  the  third  search,  the  machining  operation  requirement  was  added 
so  that  now  the  search  was  concentrated  on  a  specific  operation,  on  a 
specific  material  group,  one  specific  material  description  and  a  Uniterm 
requirement.  From  this  type  of  search,  the  computer  findB  a  precise 
match  and  prints  that  information.  The  number  on  the  right  is  a  unique 
number  to  that  inquiry  so  the  information  may  be  reached  quite  rapidly. 


Output  of  Preliminary  Technical  Evaluated  Data  (Figure  8,  page  11) 

f  igure  8  shows  a  printout  of  specific  searches  on  the  Preliminary  Index 
File. 

The  Preliminary  Index  File  contains  six  possible  terms  which  can  be 
searched  in  any  combination.  Preliminary  Technical  Evaluation  is 
designed  to  identify,  if  available,  1)  machining  operation,  2)  material 
hardness,  3)  material  condition,  4)  heat  treatment,  5)  material  group, 

6)  material  description,  and  7)  tool  material.  With  the  exception  of  material 
condition,  an  engineer  may  set  up  a  search  strategy  to  interrogate  the  file 
on  any  combination  of  the  other  six  parameters.  When  a  match  is  found, 
the  source  control  code  will  be  printed  and  the  document  pulled  from  the 
file.  The  Preliminary  Index  search  shown  in  Figure  8  was  made  on  an 
operation,  DRILLING  (085)  of  NICKEL  BASE  HIGH  TEMPERATURE 
ALLOYS  (material  group  301). 

Output  of  Uniterm  File  Search  (Figure  9,  page  12) 

The  Uniterm  concept  was  designed  so  that  technical  text  important  to 
material  removal  operations  could  be  stored  and  retrieved.  Each  document 
is  assigned  uniterms  (keywords)  which  describe  the  nature  of  the  text. 

These  uniterms  are  punched  into  cards  which  are  stored  on  disks. 


A  second  card  is  generated  indicating  the  machining  operations  and  material 
groups  associated  with  the  given  Uniterm.  Thus,  a  selective  search  can 
be  made  linking  a  particular  Uniterm  to  a  specific  machining  operation 
and/or  a  material  group. 

A  master  list  of  the  uniterms  is  contained  in  the  code  book  so  that  search 
strategies  may  be  set  up.  A  search  can  be  made  on  a  single  term  or  on  two 
terms  simultaneously.  These  terms  may  be  in  any  position  within  the  card 
set.  The  search  shown  in  Figure  9  is  for  the  Uniterm,  TOOL  GEOMETRY 
(TOOL  GEOM)  for  a  given  operation,  DRILLING  (085)  of  NICKEL  BASE  HIGH 
TEMPERATURE  ALLOYS  (material  group  301).  On  the  right  hand  side  of  the 
computer  printout  are  the  source  control  codes  for  the  documents  containing 
the  desired  information. 


Output  of  Final  Technical  Evaluated  Data  (Figure  10,  page  13) 

Figure  10  is  the  computer  printout  of  decoded  information  which  has  been 
extracted  from  a  document  which  received  Final  Technical  Evaluation.  Note 
that  the  information  extracted  by  the  Machining  Data  Analyst  and  coded  on  the 
forms  in  Figure  5,  page  8,  is  now  computer  decoded  and  printed  out.  The 
first  line  of  data  describes  the  inquiry  to  the  file.  The  second  line  is  the 
AFMDC  match  of  the  inquiry  search  terms  on  the  stored  Index  card.  The 
succeeding  lines  are  the  retrieved  Tool  Geometry,  Tool  Material,  Cutting 
Fluid,  and  Numerical  Data  associated  with  the  particular  machining  situation 
described  in  the  Index  card.  The  coded  integers  stored  from  punched  cards 
are  matched  against  another  file  on  the  disk  resulting  in  the  alphameric  equal 
being  printed  on  the  output  sheet. 

The  headings  are  printed  and  the  retrieved  information  in  the  data  cell  is 
printed  in  the  proper  location.  Coded  integers  are  matched  against  another 
file  on  the  disk  resulting  in  the  alphameric  equal  being  printed  on  the  output 
sheet.  It  is  anticipated  that  this  type  of  printout  will  be  used  to  answer  some 
inquiries  directly  later  this  year. 

Cost  and  Production  Rate  for  Milling(Figure  11,  page  14) 

The  use  of  data  shown  in  Figure  10  leaves  something  to  be  desired  for  the 
manufacturing  engineer.  The  printout  gives  a  series  of  values  to  choose 
from  but  does  not  clearly  indicate  the  economics  involved.  Since  the 
major  reason  for  having  adequate  data  is  to  help  minimize  the  cost, 
the  logical  question  is  which  set  of  values  will  yield  the  minimum  C'  at. 

A  basic  equation  has  been  developed  which  considers  the  economics  of 
each  significant  element  of  a  machining  operation  and  determines  the  production 
cost  and  production  rate.  The  output  gives  the  cost  and  production  rate  and 
the  value  of  elements  which  make  up  the  total  cost.  These  values  give  the 


engineer  an  opportunity  to  analyze  the  elements  so  that  he  may  decide 
where  the  major  contributors  to  the  total  cost  lie  and  then  work  on  the 
critical  areas. 

Equations  have  been  written  and  computer  programs  have  been  developed 
and  made  operational  for  five  major  conventional  chip  removal  operations. 
The  particular  operations  are  turning,  milling,  drilling,  reaming  and 
tapping.  Available  representative  hard  data  are  being  processed  using 
these  computer  programs  in  connection  with  a  data  product  being  developed 
on  this  subject.  This  data  product  will  be  completed  and  published  about 
June  1968. 

Cost  Study  Analysis  of  IBM  1130  Computer  (page  15) 

As  a  result  of  a  request  made  by  the  Office  of  the  Director  of  Defense 
Research  and  Engineering,  Department  of  Defense,  a  cost  study  was 
conducted  by  AFMDC  to  determine  the  increase  in  effectiveness 
resulting  from  the  installation  of  the  IBM  1130  computing  system.  Prior 
to  installation  of  the  IBM  1130  computer  the  data  processing  equipment 
utilized  was  designated  as  an  IBM  Series  50  configuration.  This  con¬ 
sisted  of  a  keypunch,  verifier,  sorter,  collator  and  an  electrical 
accounting  machine. 

A  review  was  made  of  the  various  aspects  of  the  AFMDC  system  and 
judgments  made  pertaining  to  those  aspects  which  were  affected,  time¬ 
wise,  by  conversion  from  the  IBM  Series  50  configuration  to  the  IBM 
1130  computing  system.  It  was  judged  the  following  aspects  were 
affected:  a)  inquiry  processing  and  b)  calculations  for  production  rates 
and  machining  costs. 

The  statistics  shown  on  page  15  indicate  that  a  savings  of  over  $13,  000 
for  a  one-year  period  was  effected  by  installation  of  the  IBM  1130 
Computer.  These  important  cost  savings  are  the  result  of  time  saved 
by  engineering  and  data  processing  personnel  and  are  reinvested  in 
the  AFMDC  operation.  This  is  reflected  in  the  continual  and  substantial 
rise  in  the  ratio  of  output  to  input  costs,  thus  providing  more  extensive 
services  for  the  expended  funds. 

Inquiry  Processing  Flow  Chart  (Figure  12,  page  16) 

and 

Typical  Inquiry  Input  and  Response  (Figure  13,  page  17) 

Responses  to  inquiries  are  the  most  Important  of  the  services  provided  by 
AFMDC.  Strong  emphasis  is  placed  on  providing  specific  and  detailed 
answers  to  technical  inquiries  which  are  transmitted  by  letter,  telegram, 
telephone  or  by  direct  visitation  to  the  Center.  A  high  percentage  of  the 
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inquiries  is  made  via  telephone,  some  because  of  the  urgency  of  informa¬ 
tion  requirements  and  others  due  to  the  necessity  of  discussing  technical 
details  with  the  engineering  personnel.  When  required,  inquirers  are 
contacted  to  clarify  their  specific  needs.  As  indicated  in  Figure  12, 
page  16,  engineering  personnel  impose  judgments  on  the  inquiries  and 
establish  the  search  strategies.  Data  Processing  personnel  perform  the 
computer  search  functions  and  provide  the  printouts  to  the  engineers. 

The  engineers  again  impose  engineering  judgment  in  the  selection  and 
preparation  of  the  information  to  be  transmitted  to  the  inquirer. 

An  inquiry  form  and  the  AFMDC  response  are  shown  in  Figure  13,  page  17. 
Note  the  codes  within  the  blocks  on  the  form  which  are  keypunched  and 
then  stored  on  the  computer  inquiry  file. 

Analysis  of  Inquiries  by  State  (Figure  14,  page  18) 

The  analysis  of  inquiries  by  state,  Figure  14,  page  18,  provides  some 
interesting  and  informative  statistics.  AFMDC  has  received  inquiries 
from  42  states  and  the  District  of  Columbia.  Over  the  period  of  October  1, 
1964,  through  January  31,  1968,  there  have  been  2,  333  inquiries  received 
and  processed  by  AFMDC.  These  inquiries  have  originated  from  910 
different  organizations  and  1512  individuals  within  these  organizations.  It 
is  interesting  to  note  that  79%  of  the  total  inquiries  and  78%  of  the  company 
and  individual  inquirers  were  from  10  highly  industrial  states,  as  would 
be  expected.  The  specific  inquiry  statistics  for  these  10  states  are  shown 
in  Figure  14,  page  18. 

Summary  of  Specific  Inquiries  by  Type  of  Inquiry  (Figure  15,  page  19) 

The  statistics  shown  in  Figure  15  point  out  several  important  factors.  There 
has  been  a  constant  and  substantial  rate  of  growth  in  the  number  of  Inquiries 
received  and  processed  at  AFMDC.  The  average  was  37  per  month  during 
the  first  1 6-month  period  of  the  Center's  operation.  This  average  increased 
to  61  per  month  for  the  ensuing  year  and  rose  to  an  average  of  84  per 
month  during  the  last  12-month  period.  This  growth  has  largely  been  the 
result  of  multiple  inquiries  from  prior  users,  new  contacts  from  companies 
already  on  the  Inquiry  file  and  contacts  from  companies  who  have  not 
previously  submitted  inquiries  to  AFMDC.  Many  of  the  new  contacts  can 
be  attributed  to  "word  of  mouth"  communication  of  AFMDC  inquirers  with 
persons  who  are  in  the  field  of  machining. 

Another  factor  responsible  for  this  growth  has  been  the  AFMDC  plant 
visitation  program  and  participation  in  technical  conferences. 
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In  addition  to  providing  information  on  the  varied  services  available 
at  AFMDC,  Figure  15  indicates  trends  in  the  nature  of  inquiries  from 
October  1964  to  the  present.  In  particular,  it  has  been  noted  that 
inquiries  are  becoming  more  specific  and  are  concerned  with  more 
complex  and  difficult  machining  situations.  The  relative  increase  in 
inquiry  types  1,  2,  3,  15  and  16  bears  out  this  conclusion. 

The  inquirer  profile  has  also  been  relatively  changing.  A  higher  percentage 
of  inquiries  are  being  received  at  AFMDC  from  lower  echelon  personnel 
such  as  manufacturing  or  tool  engineers,  industrial  engineers  and  time 
standards  personnel,  process  engineers,  tool  designers,  shop  supervisors 
and  foremen,  planners,  estimators,  etc.  This  indicates  that  AFMDC  is 
achieving  its  objective  of  reaching  and  setting  up  a  direct  line  of  communi¬ 
cation  with  not  only  management,  but  also  with  an  increasing  number  of 
persons  directly  responsible  for  application  of  machining  data  and  infor¬ 
mation  available  from  AFMDC. 


General  Analysis  of  Inquiries  and  Analysis  of  Inquiries 
by  Material  Group  (Figure  16,  page  20) 

The  chart.  General  Analysis  of  Inquiries,  provides  perspective  of  the 
relative  complexity  of  inquiries  processed  during  the  past  two  years.  Of 
the  inquiries  related  to  given  machining  operations  and  material  groups, 
over  75%  were  concerned  with  more  .han  a  single  machining  situation  (one 
operation  on  one  material  group)  for  both  years.  Over  one-third  of  the 
inquiries  were  of  the  Uniterm  (keyword)  type. 

The  Analysis  of  Inquiries  by  Material  Group  helps  to  provide  AFMDC 
with  perspective  of  user  needs,  input  requirements,  and  establishes 
priority  and  extent  of  detailed  technical  evaluation  of  the  input.  An 
analysis  of  the  past  two  years'  inquiries  was  made  categorizing  the 
materials  involved  by  15  material  groups.  Figure  16,  page  20,  shows 
that  there  has  been  a  high  level  of  interest  for  machining  data  on  high 
temperature  alloys,  titanium  alloys  and  refractory  alloys.  A  high  total 
of  814  requests  was  made  for  plain  carbon  and  low  alloy  steels  and 
ultra-high  strength  tool  steels  covering  the  two-year  period.  Information 
for  stainless  steels  was  in  high  demand  as  evidenced  in  the  451  requests. 
The  131  requests  for  machining  information  on  nonmetallics  represented 
a  significant  Increase  over  the  57  requests  processed  the  previous  year. 


Analysis  of  Inquiries  by  Type  of  Machining  Operation 
(Figure  17,  page  21) 

Added  perspective  of  user  needs  and  in  turn  AFMDC  input  requirements 
is  obtained  by  analyses  such  as  shown  in  Figure  17.  For  conventional 
chip  removal  types  of  operations  the  statistics  Indicate  that  emphasis  on 
input  and  detailed  evaluation  should  be  on  turning,  face  milling,  end  milling, 
drilling,  reaming,  and  tapping.  The  most  significant  relative  increase  in 
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interest  by  type  of  machining  operation  within  the  two  years  has  been  in 
broaching  and  in  band  sawing.  For  conventional  grinding,  the  highest 
interest  is  shown  in  surface  and  cylindrical  grinding  operations.  The  total 
number  of  requests  for  all  grinding  operations  more  than  doubled  during 
the  past  year.  The  235  requests  for  information  on  the  alternate  machining 
methods  during  the  past  year  represents  a  substantial  increase  over  the 
144  for  the  previous  year.  These  statistics  are  indicative  of  the  increasing 
interests  in  these  machining  methods  and  alert  AFMDC  to  an  important  area 
of  its  users'  needs. 


Analysis  of  Uniterm  Type  Inquiries  (Figure  18,  page  22) 

A  high  percentage  of  the  inquiries  received  at  AFMDC  are  of  the  Uniterm 
(keyword)  type.  This  machining  information  is  of  the  technical  text  type. 

The  17  subjects  of  highest  interest  for  this  type  of  machining  information 

are  shown  in  Figure  18,  page  22.  Very  high  interest  has  been  expressed 

for  information  on  surface  integrity,  numerical  control,  cutting  fluids, 

surface  finish  and  distortion.  Very  significant  increased  interest  has  developed 

during  the  two-year  period  for  information  concerning  Burface  integrity 

and  surface  finish. 


Summary  of  Specific  Inquiries  by  SIC  Number 
(Figure  19,  pages  23  through  25) 

An  analysis  of  inquiries  by  type  of  industry  utilizing  the  services  of  AFMDC 
is  shown  in  Figure  19.  The  chart  presents  the  inquiries  by  SIC  Code, 
a  number  which  references  listings  in  the  Standard  Industrial  Classification 
Manual,  Executive  Office  of  the  President,  Bureau  of  the  Budget,  1967. 

While  some  SIC  descriptions  may  appear  completely  commercial,  an  analysis 
of  specific  inquiries  will  indicate  a  close  relationship  to  DoD  requirements, 
as  shown  in  Figure  21,  page  27. 

SIC  Major  Group  No.  37,  Transportation  Equipment,  is  the  predominant  group 
with  respect  to  utilizing  AFMDC  services.  This  group  encompasses  three 
significant  industry  urers  of  AFMDC,  namely;  Aircraft  and  Missiles;  Aircraft 
Engines  and  Engine  Parts  and  Missile  Engines;  and  Aircraft  Parts  and 
Auxiliary  Equipment  and  Missile  Parts.  Other  SIC  Major  Groups  who  provided 
relatively  high  quantities  of  Inquiries  to  AIMDC  during  the  past  year  are: 

91  -  Federal  Government;  33  -  Primary  Metal  Industries;  34  -  Fabricated 
Metal  Products  Except  Ordnance,  Machinery  and  Transportation  Equipment; 

35  -  Machinery,  Except  Electrical;  36  -  Electrical  Machinery  Equipment  and 
Supplies;  73  -  Miscellaneous  Business  Services;  82  -  Educational  Services. 


Potential  for  AFMDC  Services  to  Industry  (Figure  20,  page  26) 

The  statistics  shown  in  Figure  20  indicate  that  five  major  SIC  Groups  provide 
a  vast  potential  for  utilization  of  AFMDC  services  and  they  have  been  the 
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primary  groups  submitting  inquiries  to  AFMDC.  The  left-hand  side  of  the 
chart,  Figure  20,  provides  a  statistical  summary  of  metalworking  plants 
consisting  of  a  partial  SIC  list  taken  from  Dun  &  Bradstreet  Metalworking 
Directory,  1967-68.  The  right-hand  side  of  the  chart  summarizes  AFMDC 
inquiries  for  the  same  SIC  classifications. 

As  would  be  expected,  the  largest  number  of  inquiries  have  been  received  from 
Major  Group  37,  Transportation  Equipment.  Four  of  the  SIC  Industrial 
Classifications  within  this  group  are:  3721  -  Aircraft  and  Missiles;  3722  - 
Aircraft  Engines  and  Parts;  3723  -  Aircraft  Propellers  and  Propeller  Parts; 
and  3729  -  Aircraft  Parts  and  Auxiliary  Equipment.  A  second  significant 
source  of  inquiries  is  Major  Group  35,  Machinery  Except  Electrical. 

Some  of  the  important  industries  included  in  this  group  are  Machine  Tools- 
Metal  Cutting  Types,  Machine  Tool  Accessories  and  Measuring  Devices 
and  Machine  Shops  -  Jobbing  and  Repairing.  The  statistics  from  Dun  & 
Bradstreet1  s  Metalworking  Directory  display  a  vast  economic  environment 
for  AFMDC  operations.  Metalworking  is  the  prime  activity  for  five  major 
groups  alone,  comprised  of  9,431  companies  (20  or  more  employees), 
employing  6,  900,  557  individuals.  There  are  20,  063  other  companies  (20  or 
more  employees),  for  which  metalworking  is  a  secondary  activity.  Dun  & 
Bradstreet  reports  that  21,  364  of  the  38,  383  listings  in  its  Metalworking 
Directory  perform  machining  operations.  Although  no  specific  statistics 
can  be  quoted,  there  is  no  doubt  that  there  is  even  a  larger  number  of  firms 
(employing  less  than  20  individuals),  whose  major  activity  is  machining. 
Considering  that  to  date  there  has  been  a  total  of  910  organizations  which  have 
submitted  inquiries  to  AFMDC  speaks  for  itself  regarding  the  potential 
increase  in  services  that  is  possible  to  the  machining  industry. 


Government  Agencies  and  Services  Supported  Directly  and 
Indirectly  by  AFMDC  Inquiries  (Figure  21,  page  27) 

The  data  shown  in  this  chart  are  somewhat  difficult  to  compile  but  by 
careful  analysis  of  particular  inquiries  and  by  an  analysis  of  the  prime 
objectives  of  principal  contractors  at  various  plant  locations  it  has  been 
possible  to  show  that  945  of  the  1002  requests  made  to  the  Center  were 
stimulated  by  Air  Force,  AEC,  U.  S.  Navy,  NASA,  and  U.  S.  Army 
projects. 


Companies  and  Agencies  Submitting  Inquiries  to  AFMDC 
(Figure  22,  pages  28  -  34) 

Summary  of  Specific  Inquiries  by  Companies  Making 
Five  or  More  Requests  (Figure  23,  page  35) 


Figure  22  presents  a  total  of  910  individual  companies  and  divisions 
which  have  been  inquirers  of  AFMDC,  an  increase  of  305  organizations 


during  the  past  year.  This  is  a  comprehensive  list.  Figure  23  includes 
a  summary  of  the  94  organizations  (including  the  divisions)  making  five 
or  more  requests.  This  group  has  provided  1416  of  the  2333  inquiries 
processed  by  AFMDC  to  date.  This  list  reflects  high  interest  in  AFMDC 
information  on  the  part  of  aerospace  industry,  as  represented  by  companies 
such  as  Aerojet- General  Corporation,  The  Boeing  Company,  Curtiss- 
Wright  Corporation,  General  Dynamics  Corporation,  General  Electric 
Company,  Grumman  Aircraft  Engineering  Corporation,  Lockheed 
Aircraft  Corporation,  Martin  Company,  McDonnell  Douglas  Corporation, 

TRW  Inc. ,  and  in  fact  Wright- Patterson  Air  Force  Base  itself. 

Photograph  of  AFMDC  Data  Products  (Figure  24,  page  36) 
Photograph  of  AFMDC  Titanium  Booklet  (Figure  25,  page  37) 

Typical  Formats  for  Data  Presentations  (Figure  26,  page  38) 

Planned  data  products  have  proven  to  be  important  output  to  AFMDC  Users. 

In  addition  to  providing  valuable  and  timely  data,  these  products  serve  as 
a  direct  line  of  communication  with  the  Users  of  the  Center.  Excellent 
response  has  been  received  for  the  11  data  products  prepared  and  issued 
to  date.  These  products  are  shown  in  the  photo  in  Figure  24,  and  the 
formats  are  displayed  in  Figures  25  and  26.  Careful  thought  was  given  to 
the  preparations  of  the  products  to  present  the  machining  recommendations  in 
complete  but  concise  form  in  order  to  make  easy  and  effective  use  of  them. 

Description  and  Distribution  of  Data  Products  (Figure  27,  page  39) 

There  were  two  primary  means  used  for  publicizing  the  data  products.  AFMDC 
prepared  two  separate  data  product  announcements  and  sent  them  to  the  User 
File  which  now  consists  cf  4026  individual  names.  The  policy  followed  was 
to  provide  one  free  copy  to  Users  who  submitted  a  request  and  then  charge 
for  additional  copies.  The  set  limit. of  making  1000  free  copies  available 
proved  to  be  practical  inasmuch  as  all  requests  from  the  User  File  were 
able  to  be  filled.  A  second  means  used  for  reaching  persons  who  would  have 
an  interest  in  the  data  products  was  accomplished  by  sending  copies  of  these 
documents  to  about  60  editors  of  technical  periodicals.  Each  of  these  were 
encouraged  to  publish  announcements  of  the  products  and  print  typical  data 
sheets.  This  not  only  stimulated  interest  in  the  data  products,  but  also  in 
the  Center's  services  in  general.  Numerous  inquiries  were  submitted  to 
the  Center  each  time  a  periodical  published  the  information  provided  by 
AFMDC. 

The  fine  response  for  data  products  is  indicated  in  Figure  27,  page  39.  A 
total  of  15,  729  copies  were  distributed,  most  of  which  were  to  the  User 
File  and  some  as  direct  response  to  inquiries.  The  2538  copies  sold  are 
further  evidence  of  the  high  interest  and  use  of  the  data  products. 
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Data  Acquisition  Plant  Visit  Program  (page  40) 


The  information  contained  in  page  40  covering  this  program  is  self-explanatory. 
An  expansion  of  this  type  of  data  acquisition  effort  is  planned  for  1968  in 
view  of  the  interest  on  the  part  of  industry,  the  high  yield  of  important 
data,  and  the  contact  with  personnel  resulting  in  an  increase  in  specific 
inquiries. 


Code  Sheet  for  Project  Time  Cards  (Figure  28,  pages  41  and  42) 
AFMDC  Daily  Time  Slip  (Figure  29,  page  43) 

Computer  Printout  of  AFMDC  Project  Time  Cards 
(  Figure  30,  page  44) 

The  code  sheet  provides  the  basic  approach  to  AFMDC  System  Costing. 
Approximately  100  individual  time  codes  are  in  current  use.  It  has  been 
simple  for  individuals  to  maintain  time  records  because  relatively  few 
time  codes  are  used  by  any  one  person  during  a  given  day  and  the  use  of 
the  same  codes  is  repeated  from  day  to  day.  Figure  29,  page  43,  shows 
a  Daily  Time  Slip  which  indicates  the  manner  in  which  individuals  record 
their  time. 

The  information  from  these  time  slips  is  punched  into  cards  and  the 
information  is  stored  in  the  IBM  1130  computer.  Figure  30,  page  44,  is 
a  computer  printout  of  AFMDC  project  time  cards. 

Figures  31  and  32,  shown  on  pages  45  and  46,  reflect  the  use  made  of 
project  time  card  data.  These  records  are  available  for  making  even  more 
detailed  analyses  when  required.  For  example,  it  would  be  possible  to 
analyze  the  cost  for  a  particular  project,  such  as  a  special  report  requested 
by  DoD. 


AFMDC  Operating  Costs  (Figure  31,  page  45) 

.  AFMDC  Input  and  Output  Summary  (Figure  32,  page  46) 

Figure  31,  page  45,  shows  the  operating  costs  for  the  past  year  broken 
down  into  three  major  groups:  1)  Input,  2)  Ouptut  and  3)  Systems  Analysis, 
Modification  and  Control.  The  summary  of  these  costs  compared  to  two 
previous  periods,  as  shown  on  page  A- 16,  reflects  the  progress  made  by 
AFMDC  since  it  began  its  operation. 
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Summary  of  AFMDC  Operating  Costs 
October  1,  1964  -  January  31,  1968 


Operating  Time 
Period 

Input 

Costs 

%  of 

Total 

Cost 

Output 

Costs 

%  of 

Total 

Cost 

System 

Costs 

%  of 

Total 

Costs 

Oct.  1,  1964  - 
Jan.  31,  1966 

126,  123.  27 

66.  0 

38,577.33 

20.  0 

25,811.54 

14.  0 

Feb.  1,  1966  - 

Jan.  31,  1967 

99,697.  76 

45.  5 

88, 154. 70 

41.0 

29,  230.40 

13.  5 

Feb.  1,  1967  - 

Jan. 31, 1968 

60,  364.  96 

34.  9 

98,761.74 

57.  2 

13,  657.81 

7.9 

It  is  significant  to  note  that  the  output  costs  rose  from  20.  0%  to  57.  2%  over 
the  three  time  periods,  while  the  input  costs  decreased  from  66.  0%  to  34.  9%, 
and  the  systems  costs  dropped  from  14.  0%  to  7.  9%.  This  increased  efficiency 
was  gained  through  working  experience,  the  build-up  of  AFMDC  information 
files,  and  putting  into  operation  the  IBM  1130  computer.  The  net  result  of 
the  relative  decrease  in  input  and  systems  costs  has  been  that  it  allowed  AFMDC 
to  handle  the  continually  increasing  number  of  inquiries  without  sacrificing 
the  quality  of  the  responses  and  the  response  time  period  required  by  the 
inquirer.  Over  the  three  time  periods  inquiries  have  increased  from  an  average 
of  37  to  84  per  month. 

The  chart  in  Figure  32,  page  46,  presents  various  summaries  of  AFMDC  input 
and  output.  As  of  January  31,  1968,  there  were  13,  101  evaluated  documents 
in  AFMDC  storage.  The  important  information  from  these  documents  has  been 
extracted,  coded,  and  punched  into  102,250  cards,  and  stored  on  the  1130 
computer.  Unit  costs  for  preparation  of  11  data  products  and  for  processing 
of  inquiries  are  cited  in  Figure  32,  page  46. 


Future  Planning  (page  47 


One  of  the  major  goals  of  1968  is  to  continue  the  effort  to  identify  and  make 
direct  contacts  with  personnel  in  all  echelons  who  can  utilize  machining 
information  available  from  the  Center.  The  methods  used  to  accomplish 
this  are  outlined  under  Future  Planning,  page  47.  Emphasis  will  be  given 
to  contractors,  subcontractors  and  sub-subcontractors  producing  components 
for  advanced  aerospace  vehicles.  The  approaches  to  be  taken  will  undoubtedly 
stimulate  Inquiry  activity  and  thereby  continue  the  upward  trend  in  inquiries 
>~~ing  received  by  AFMDC.  It  is  expected  that  the  level  of  inquiries  will 
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reach  a  monthly  average  of  about  150  per  month  by  the  end  of  1968  (the 
average  for  the  past  three  months  is  111).  The  program  of  plant  visitation 
will  be  continued  with  increased  emphasis  on  making  the  industrial  user 
aware  of  the  information  at  AFMDC  which  is  available  to  him. 

A  considerable  number  of  inquiries  have  been  received  from  active 
State  Technical  Services  Programs  in  Connecticut,  Illinois,  Indiana, 

Michigan,  Tennessee,  and  West  Virginia.  In  addition,  AFMDC  has  directly 
participated  in  conferences  and  meetings  conducted  by  the  states  of 
Illinois,  Indiana  and  Michigan.  Contacts  will  be  made  with  other  states 
which  have  such  programs  in  operation  or  are  in  the  process  of  setting  up 
such  programs.  Fine  coordination  has  been  effected  with  the  National 
Referral  Center  as  well  as  various  information  centers.  Communication 
with  these  centers  will  be  maintained. 

There  has  been  substantial  growth  in  vocational  schools,  as  well  as 
vocational  courses  offered  by  educational  institutions.  Many  of  these  include 
training  of  students  in  machining  who  thereby  become  an  important  segment 
of  the  machining  community.  AFMDC  will  expand  its  services  to  these 
schools  through  the  State  Technical  Services  Programs  and  by  direct  contact. 

Efforts  on  data  products  will  be  directed  toward  preparation  of  the  four 
products  listed  under  Future  Planning  since  information  seems  to  be  lacking 
or  widely  scattered  on  these  subjects. 

Additional  data  products  will  be  prepared  as  good  timely  information  is 
accrued  by  AFMDC. 

Experience  has  shown  that  there  are  some  relationships  in  machining 
variables  between  the  various  types  of  machining  operations  and  work  materials, 
and  they  can  be  determined  if  careful  analyses  are  made  using  substantial 
and  reliable  data.  Manual  analyses  of  this  type  are  difficult  and  cumber¬ 
some.  Determination  of  existing  relationships  would  be  very  valuable 
for  evaluation  of  new  data  and  filling  in  gaps  in  accrued  data.  AFMDC 
plans  to  investigate  these  relationships.  The  computer  resolves  much  of 
the  difficulty  and  time  required  to  make  the  subject  analyses. 

Preliminary  discussions  have  been  held  with  one  aerospace  firm  concerning 
an  experimental  program  of  a  computer  data-link  between  the  company  and 
AFMDC.  In  this  experimental  program  it  is  planned  that  mechanisms 
would  be  developed  that  would  allow  a  firm  to  have  direct  communication 
with  the  Center's  computer.  This  communication  would  make  it  possible 
for  the  user  to  directly  submit  and  obtain  an  immediate  response.  The 
direct  link  with  the  user  would  facilitate  machining  information  formats 
which  would  be  compatible  between  the  Center  and  the  major  users.  A  part 
of  the  planned  program  is  to  work  out  procedures  whereby  an  organisation 
could  store  its  important  machining  data  at  AFMDC  for  its  own  rapid  retrieval 
and  for  utilisation  by  AFMDC  for  serving  industry. 
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ECONOMIC  ENVIRONMENT  FOR  AFMDC  OPERATIONS 


(Annual  Costs) 


Labor  and  Overhead  Costs  for  Operating  Metal  Cutting  Machine  Tools 
in  the  Metalworking  Industries  in  the  United  States 


Total  number  of  metal  cutting  machine  tools  in  the  metalworking 
industries  (June  10,  1963,  American  Machinist  Inventory  of 
Metalworking  Equipment)  =  2,137,497 


Average  labor  cost  +  overhead 
Average  working  day 
Number  of  working  days  per  year 
Average  number  of  direct  labor 
personnel  per  machine 


$8.  00  per  hour 
8  hours 
250 

1 


Total  Cost  of  Labor  +  Overhead: 

2,  137,  497  x  $8.  00  x  8  x  250  x  1  =  $34,  199,  952,  000  or  about 

$34,  000, 000,  000 


Based  on  the  1963  Inventory  and  actual  1964  and  1965  metal  cutting 
machine  tool  shipments,  American  Machinist  estimates  that  2,  500,  0 
machine  tools  were  in  use  at  the  end  of  1965.  Using  this  projection, 
the  $34,  000,  000,  000  would  be  revised  to  $40,  000,  000,  000. 

Total  Cost  of  Labor  4  Overhead: 

2,  500,  000  x  $8. 00  x  8  x  250  x  1  -  $40,  000,  000,  000 

$40,  000,  000,  000 


Total  Shipments  Including  Exports  of  Metal  Cutting  Type  Metalworking 
Machinery 

$1,040,  766,  000(1965) 

Source:  U.S.  Department  of  Commerce 

Machine  Tool  Accessories  Industry 

Sm^OOOjWJO 

(Including  small  cutting  tools  for  machine  tools  and  metalworking 
machinery  in  the  amount  of  $598, 000,  000) 

Source:  1965  Census  of  Manufacturers 
Bureau  of  Census 


Cutting  Fluids 


$35.  000, 000 


Source:  "Coolant  Control. . .  a  plant  study  plan"  by  B.  F.  Wilson, 
Automatic  Machining,  June  1965. 
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